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STEPHEN ALFRED FORBES 
1844-1930 

BY I, O. HOWARD 

Chronology 

Born at Silver Creek, Stephenson County, 111 ., May 29, 1844. 
Attended the district school from school age to the age of 14. 
1858-60, studied at home, under brother's instruction 
i860, attended Beloit Academy. 

1861-5, soldier, U. S. Army. 

1866- 7, attended Rush Medical College. 

1867, raised strawberries at Carbondale, 111 . 

1867- 9, studied and practiced medicine under a preceptor at 

Makanda, 111 

1868- 70, taught school and studied science at Makanda, 111 . 

1870- 1, taught school and studied science at Benton, 111 . 

1871, studied at Illinois State Normal University. 

1871- 2, taught school and studied science at Mount Vernon, 111 . 

1872- 7, curator, museum of the Illinois State Natural History 

Society, at Normal, 111. 

1875-8, instructor in zoology, Illinois State Normal University. 
1877, founded, and to 1917, Director, Illinois State Laboratory 
of Natural History. 

1882-1917, State Entomologist of Illinois. 

1884, Ph.D., University of Indiana. 

1884-1909, professor of zoology and entomology. University of 
Illinois. 

1886, awarded first-class medal of the Societe d’Acclimatation de 
France, for scientific publications. 

1888-1905, Dean, College of Science, University of Illinois. 
1891-2, biological expeditions, Rocky Mountains, U. S. Fish 
Commission. 

1893, special agent, U. S. Fish Commission; Director of the 
Aquanum, World's Columbian Exposition ; Chairman, 
International Congress of Zoologists ; President, Amer- 
ican Association of Economic Entomologists ; also pre- 
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pared natural history exhibit of Illinois for Columbian 
Exposition 

1894, established Illinois Biological Station 

1901-7, President, National Society of Florticultural Inspectors. 

1905, LL D , University of Illinois. 

1908, President, Illinois Academy of Science ; American Asso- 
ciation of Economic Entomologists. 

1909-21, professor of entomology, University of Illinois, 

1912, President, Entomological Society of America 
1917-30, Chief, State Natural History Survey 
1918, elected member National Academy of Sciences 
Died at Urbana, 111 , March 13, I930- 

This chronology is taken from a pamphlet entitled ‘Tn Menio- 
riam Stephen Alfred Forbes^’ published by the University of 
Illinois shortly after his death. To the chronology is added a 
list of the societies of which he was a member, which included 
among others the American Philosophical Society and the Ento- 
mological Society of France. It is also stated in the same para- 
graph that he was an honorary member of the American Orni- 
thologists’ Union, had been President of the Ecological Society 
of America, and that he was an honorary member of the Inter- 
national Congress of Entomolog>^ 

In the same pamphlet was printed a short article on Doctor 
Forbes’ ancestry, education and character, written by his son 
Ernest Browning Forbes of the State College of Pennsylvania, 
He was the son of Isaac Forbes and Agnes \"an Hoesen, and, 
racially speaking, was Scotch on his father’s side and Dutch on 
his mother’s, both theoretically and practically an admirable mix- 
ture. The first authentic record of his American ancestry is the 
marriage of Daniel Forbes in 1660 to Rebecca Perriman at Cam- 
bridge, Mass. There seem to be no authentic records of the 
origin of this Daniel or of his emigration from Scotland, From 
this Daniel, through Thomas, Aaron, Stephen, John and Isaac, 
came the subject of this sketch. Of his great grandfathers, three 
at least were soldiers in the Revolutionary War, namely, Stephen 
Forbes, who lived at Brookfield, Mass., and later at Hardwick 
in the same State, who served in a Hardwick company and was 
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given land in Vermont, Garrett Van Hoesen (on the mother^s 
side), a sergeant in a company of sharpshooters under General 
Schuyler , and Captain Isaac Sawyer, a Yale student who served 
with distinction in the Sullivan campaign against the Iroquois 
in 1779. 

It IS Professor Ernest Forbes’ opinion that among the later 
ancestors of his father those who left the deepest impress were 
his mother, who was a high-strung woman, and his paternal 
grandmother whose name was Anna Sawyer and who is said to 
have been the strongest source of the intellect of all of her 
descendants 

At the time of Stephen’s birth at Silver Creek, Stephenson 
County, Illinois, the family lived in a log house on a small farm 
and in a condition of privation general among the pioneer fam- 
ilies of the Middle West. His father was obliged to sell the 
farm upon which this log house stood, as the result of having 
endorsed a note for a friend, and had to begin again on a new 
farm, in a house built of slabs. 

There were six children, namely, Fla villa Anna, born 1824, 
married 1842 ; Francis Van Hoesen, born 1828, died 1848; Mary 
Elizabeth, born 1831, married, 1850; Henry, born in 1833; 
Stephen, 1844, Agnes Verneth, known as ‘‘Nettie,” born 

1845- 

When Stephen was ten years old his father died. The older 
brother Henry was then twenty-one, but had been independent 
since he was fourteen, and at the time was working his way 
towards a college education for which he had prepared at Free- 
port and Rockford and on which he had made about two years’ 
progress by private study. Stephen, his mother and Nettie were 
living on a farm of 140 acres, poorly equipped and heavily mort- 
gaged, living in a cabin of a single room in which was a cook- 
stove at one end, two beds at the other, a trundle bed under one 
of them, and a dining table in the middle. At one side of the 
building was a little “lean-to” containing a single bed on which 
the father of the family died. The mother was broken in health, 
and the two younger children were practically helpless. Henry, 
however, stepped into the breach. Professor Forbes has written — 
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'‘Without an hour's hesitation he gave up his personal plans, 
abandoned his career for which he had already given brilliant 
promise, and took upon his own shoulders the burden of our sup- 
port and education, and from that time on for the next seven 
years he was not our guardian merely, but he was our guardian 
angel. 

“He saved enough on the farm to build us a comfortable 
home. He taught me French, sent me to Beloit to prepare for 
college, and helped my sister to the Woman’s College at North- 
western University at Evanston; and when the Civil War broke 
out he sold the farm, paid otf the still existing mortgage, gave 
my mother the residue of the family funds to live on with her 
eldest daughter Flavilla, borrowed the money with which to buy 
his horse and mine for the cavalry service, and to the war we 
went together, he as lieutenant and presently captain of our com- 
pany, becoming later lieutenant colonel of the regiment and colo- 
nel by brevet." (From E. B. Forbes.) 

As to the details of the Army service of S. A. Forbes, I am 
able to quote from an unpublished autobiograpical sketch in a 
letter that he wrote in 1923 and which I take from the Scicntliic 
Monthly of May, 1930: 

“My army service, concerning which you ask particulars, was 
begun by my enlistment as a private in Company B, 7th Illinois 
Cavalry, in September, 1861, when I was seventeen years old. 
At eighteen I was made orderly sergeant, at nmeten, second lieu- 
tenant, and at twenty, captain of my company. Just after niy 
eighteenth birthday, when sent to carry an important dispatch 
to a distant outpost near Corinth, Misvsissippi, I was put upon the 
wrong road and presently found myself inside the rebel lines as a 
prisoner of war. Telling my captors that 1 had a verbal message 
only, which I refused, and they did not compel me, to disclose, 

I availed myself of an opportunity to tear up my dispatch, secret- 
ing the fragments in the pistol holster on my saddle. At General 
Bragg's headquarters I was threatened with hanging if I did not 
produce my dispatch and was thoroughly searched for it, as was 
also my saddle, but nothing was found. I^ater in the clay I had 
a brief interview with General Beauregard, in command of tlie 
rebel army after the battle of Shiloh, and a much kmger one 
with a major of his staff, who ended by wishing me good luck, 
and telling me to appeal to him if 1 got into trouble. I was in 
prison four months, at Mobile, Alabama; Macon, (Jcnrgia: and 
Richmond, Virginia. Utilized my abundant leisure by studying 
Greek from books which I managed to buy at Mobile, When 
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paroled and released, I was sent to a hospital for three months 
to recover from scurvy and malaria, acquired in prison. Re- 
joined my regiment, reenlisted for the war, and was mustered 
out in November, 1865.'' 

This is a very short and very modest account of the boy’s war 
adventures. He was only twenty-one when he was mustered out 
(he had the rank of Captain at twenty), and yet he had seen 
nearly five years of service. The experience, apparently, hurt 
neither his mind nor his physique. Perhaps in the long run it 
was physically good for him ; and the boy who used his days in a 
Confederate prison studying Greek was surely one whose mind 
was not rusting. Writing of him in Science, April ii, 1930, 
Dr. Henry B. Ward says, ^Tt was a source of great delight to 
hear the story of those days, when on rare occasions he could be 
persuaded to relate to younger friends some of his experiences 
in the field,’’ 

And now as to the matter of education. In the unpublished 
autobiographical sketch from which we have quoted the para- 
graph regarding his army service, he states, “My formal educa- 
tion . . was incomplete and fragmentary, partly because of 
the poverty of my family, my father, a pioneer farmer, having 
died when I was ten years old, and partly because the Civil War 
took me away as I was getting ready to enter college.” 

In the chronological list beginning this account occur the items, 
“Attended the district school from school age to the age of 
fourteen; 1858-60 studied at home under brother’s instruction;^ 
i860 attended Beloit Academy.” 

The attendance at Beloit Academy in i860 was a difficult one 
to bring about, on account of lack of money. Ernest Forbes 
writes in his account, “When the young Stephen was obliged to 
give up his studies at Beloit Academy, because the last available 
dollar was gone, he had to take his trunk to the railroad station 
in a wheelbarrow.” And he has since written me, “This year at 
Beloit was enjoyed at the expense of real hardship for the family 
at home. The letters written to Stephen contained repeated 

^ Henry taught Stephen the French language, and Professor Henry B. 
Ward states that he studied Italian and Spanish at this time. 
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suggestions that he try to find a cheaper boarding place, and 
serious debate of his expressed desire to spend one dollar and 
twenty cents for a glass lamp, since his eyes suffered as a result 
of study by candle light/' 

According to S. A. Forbes’ manuscript sketch, when he re- 
turned from the war he began and nearly finished a course m 
medicine at Rush College in Chicago We must not be satisfied 
with this bare statement. In his printed account, Professor 
Ernest Forbes says, ‘‘He discontinued his medical studies before 
their completion, however, because his savings from his career 
as a soldier became exhausted and because a series of incidents 
having to do mainly with surgical operations without the use of 
anesthetics convinced him that he was not temperamentally 
adapted to medical practice/' And then he goes on to write, 
“His interest in natural science was determined by an academic 
tradition in the family, by an agricultural background, by four 
years' out-of-doors experience in the Army, by a naturally 
thoughtful habit, and by a continuing scientific interest after the 
cessation of his medical studies." 

The chronology shows that he raised strawberries at Carbon- 
dale, 111., and taught school and studied science at Makanda and 
Benton, and that he studied at the Illinois State Normal Univer- 
sity in 1871. It was about this period (in 1870) that his finst 
notes were published, under the heading “Botanical Notes (from 
Southern Illinois)" in the American Entomologist and Botanist 
for September and October of that year. This journal was then 
edited by C. V. Riley, and each number contained a botanical 
section under the editorship of George Vasey then living at 
Richview, 111. The notes by Professor Forbes had evidently 
been sent in by request. They were confined to the counties of 
Union and Jackson, Illinois, gave a running account of the topog- 
raphy of the region, and discussed the plant growth in such a 
way as almost to foreshadow his future interest in the broad 
study of environment and association that became known as 
ecology. At all events they secured the warm approbation of 
Doctor Vasey, with whom he corresponded frequently on botan- 
ical subjects. 
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In Ins unpublished autobiographical sketch, Professor Forbes, 
after referring to his unfinished course m medicine, goes on to 
say, . but becoming infatuated with a study of the botany 
of southern Illinois I changed my plans, taught school for a liv- 
ing, and studied natural history as an avocation, with the result 
that when Major J. W. Powell, afterwards U. S. Geologist, re- 
signed in 1872 as Curator of the Museum of the State Natural 
History Society at Normal, Illinois, I was chosen to succeed him 
there.’' 

The old Illinois State Natural History Society had been in 
existence since 1858 It was chartered in 1861 Its museum was 
housed in the building of the State Normal School at Normal. 
Its final business meetings were held in Bloomington, May 26th 
and June 22nd, 1871, and its museum was then formally passed 
over to the State of Illinois to be held by the State Board of 
Education ‘Tor the use and benefit of the State.” The earliest 
curator was Dr. J. A Sewall, instructor in chemistry in the State 
Normal School and afterwards President of the State University 
of Colorado. The second curator was Major J. W Powell, and 
he held this post when he made his well known western explora- 
tions. Major Powell's deputy m the Museum, who, however, 
served as the actual curator, was Dr George Vasey. In 1872 
Doctor Vasey was appointed Botanist of the United States 
Department of Agriculture in Washington and Curator of the 
U. S, National Herbarium under the Smithsonian Institution. 
He took the oath of office April 13 of that year. 

Doctor Vasey (who was then a man of fifty) had a high 
opinion of young Forbes. They both belonged to the Natural 
History Society; Forbes had studied at the State Normal Uni- 
versity in 1871, and, moreover, Doctor Vasey must have been 
impressed by the character of the notes Forbes had sent in for 
publication in the American Entomologist and Botanist, I take 
it, and m fact I have been told, that it was largely Vasey’s recom- 
mendation that secured Forbes the appointment as Curator of 
the Museum in 1872. 

Most of the facts in the last two paragraphs are taken from 
a long, careful and admirable address given by Professor Forbes 
on the occasion of a meeting called to establish the Illinois Acad- 
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emy of Sciences It is entitled “History of the Former State 
Natural History Societies of Illinois,” and was published in 
Science, December 27, 1907, pages 892-898. 

For the next two or three years he was diligently occupied 
with his duties as curator, but found time to publish several 
papers, mostly relating to the study of natural history and how 
natural history should be taught — really educational papers. 
Then came the first Summer School of Natural History and his 
appointment as Instructor in Zoology in the Illinois State Normal 
University. In his 1907 address on the natural history societies 
of Illinois, he mentions this summer school and its effect in bring- 
ing about the organization of the second natural history society 
of the State. It will be interesting to quote his words . 

“Under the influence of Darwin and Agassiz and Huxley, a 
transforming wave of progress was sweeping through college and 
school, a wave whose strong upward swing was a joy to those 
fortunate enough to ride on its crest, but which smothered miser- 
ably many an unfortunate whose feet were mired in marsh mud.” 

Has this movement ever been so concisely and perfectly put 
into words ^ He goes on to say, 

“This wave reached central Illinois in the early seventies, with 
the effect to bring about in 1875 ^ summer school of natural 
history at the State Normal School — only two years, it will be 
noticed, after the first session of the Agassiz School at Penikese, 
Wilder of Cornell and W. S. Barnard, just back from Kuropc 
with a doctor's degree, were members of its teaching staff, to- 
gether with Burrill of the State University, Thomas, the State 
Entomologist, and the present writer, who was also director of 
the school. Besides an abundance of living plants and animals 
of our own environment, we had great boxes and barrels of 
marine material in large variety, some of it received alive, secured 
by a most active collector engaged for the purpose, who scoured 
the New England coast for us from Portland to Buzzard's liay.” 

The school was a notable success. The Philadelphia Centen- 
nial Exposition of 1876 deranged plans for its immeiliate con- 
tinuance, but a second summer session was held in 1878 and the 
students organized themselves into the second of the Illinois 
State natural history societies. Obviously this summer helped 
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to turn Forbes' attention to aquatic things, for in December, '75, 
he published his first strictly zoological paper — on Amblystoma; 
and in the following year he published his “List of Illinois Crus- 
tacea with Descriptions of New Species"; and in 1877 was pub- 
lished the first of his papers on the food of birds, the first one 
on the food of fishes appearing in 1878 In 1878 also appeared 
the first of his strictly entomological publications, which hap- 
pened to be on “Breeding Habits of Corixa" (an aquatic insect). 
It will thus be seen that much early work was done with aquatic 
forms. And during this early period he formulated plans for the 
starting of the State Natural History Survey which was a child 
of the Illinois State Laboratory of Natural History which was 
founded by Professor Forbes in 1877 and of which he continued 
to be the Director until 1917. 

In his obituary notice in Science of April ii, 1930, Dr. Henry 
B. Ward says, “He will always be looked upon as the first and 
the leading worker in America on aquatic biology. When he 
started on his studies of fresh water organisms the inland waters 
of our country were practically unknown. He was the first 
man to write on the fauna of the Great Lakes, and to contribute 
to a knowledge of the food of fishes, a fundamental piece of 
work for the proper understanding of the factors concerned in 
solving questions that are involved in the preservation of our 
commercial fisheries/’ 

It is safe to state further that he was the first man to start 
careful study of the food of birds, a subject that was taken up 
only a few years later by the old Section of Economic Ornithol- 
ogy started by C. Hart Merriam in the old Division of Ento- 
mology of the U. S. Department of Agriculture and that after- 
wards developed into the Bureau of Biological Survey. 

In' his work on the fauna and flora of the lakes and inland 
streams, he was a pioneer and was responsible for most impor- 
tant studies made by others. Professor C. A Kofoid, now of 
the University of California, was associated with him for many 
years, and has sent me the following paragraph relating to this 
work: 

“Professor Forbes early in his career took an interest in the 
microscopic life of fresh water. It bore fruit in his early papers 
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on the food of fresh water fishes. His studies in this field led 
to his interest in fresh water Entomostraca, an interest which 
led ultimately to the studies by Dr. Sharp on the Ostracoda, by 
his own son Dr. E. B. Forbes on the Copepoda, and by Mr 
Schacht on the genus Diaptomus. His brochure of 1887, read 
before the Peoria Scientific Association and later reprinted with 
emendations, on '‘The Lake as a Microcosm” is a classic not only 
in its interpretation of a variety of lakes which he had investi- 
gated but also because it is probably one of the first if not indeed 
the first biological paper which recognizes the phenomenon of 
animal associations, the foundation of the modern science of 
ecology. His later work in this field was limited, by the develop- 
ment of his entomological interests, to explorations of the aquatic 
life in the waters of Yellowstone Park, of Lake Geneva, and his 
activity in founding and maintaining the Biological Station on 
the Illinois River, housed in a floating laboratory at Havana, 111 ., 
and engaged in 1894-1900 in a continuous survey of the plankton 
of that stream prior to the opening of the Chicago Drainage 
Canal. This work resulted in my “Studies on the Plankton of 
the Illinois River ” His interest in this work never flagged and 
he followed its course intimately and later in conjunction with 
Mr Richardson investigated and reported on the destructive 
efiPect which the influx of sewage later had upon the life in this 
river.*’ 

It will be noticed in studying the bibliographical list appended 
to this paper that he rarely published anything about insects until 
early in the i88o*s, his first work having been in connection with 
aquatic forms and with the food of fishes and birds ; but in 1882, 
on the retirement of Cyrus Thomas, he was made State Ento- 
mologist of Illinois and two years later Professor of Zoology 
and Entomology in the University of Illinois, From that time on 
his writings naturally came to relate preponderatingly to insects. 

Before we go into his work with insects, however, more must 
be said about his earlier work. At the memorial exercises held 
at the University of Illinois on March 15, 1930, an address was 
made by Dr, H, J, Van Cleave, a distinguished zoologist of a 
younger generation, who has done much work in aquatic zoology, 
and, rather than to attempt myself to evaluate Forbes’ work at 
this earlier period, I will quote the words of the vastly more 
competent Doctor Van Cleave: 
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5 “Yery early in his program, he became impressed with the 
significance of interrelationships between organisms and their 
Environment Before ecology had been conceived as an offspring 
bf the biological sciences, Professor Forbes had adopted the 
ecological point of view in his published writings. As early as 
jt887, m a spirit of prophetic anticipation of the coming ecological 
era in North America, he delivered a paper on The Lake as a 
"Microcosm, wherein he set forth the themes of interdependence 
bf organisms and community of interests in aggregations of liv- 
ing beings. This ecological point of view has dominated his entire 
program of research His contributions on insects, as well as 
those on fishes and on birds have been conceived in light of rela- 
tionship to the environment and have always acknowledged man 
and human interests as essential though by no means exclusive 
factors of importance in the environment of organisms. As a 
consequence, even his economic studies have been engendered m 
Jfhat breadth of biological interpretation that renders them dis- 
'tinctive in their field. 

‘Tn his pioneer work on the food of birds, of fishes, and of 
insects, he contributed a wholly new method of attack upon prob- 
lems in the interpretation of the economic status of animals. 
Many and marked have been the tributes paid him by subse- 
quent workers in recognition of the importance of these pioneer 
studies. 

) ‘‘His early interest in the food of birds in its relation to their 
jfconomic importance, found an extension in later years to a 
numerical study of birds in different localities. Thereby he 
^sought a more exact means of interpreting the true value of 
l^birds in relation to agriculture. 

“The long series of papers on the biology of the Illinois River, 
stands as one of the greatest monuments to Professor Forbes 
These investigations, starting in 1894, were carried on under his 
leadership with the collaboration of Frank Smith, C. A, Kofoid, 
and R. E. Richardson, whose names will be perpetually associated 
with that of S. A. Forbes. Intensive work on the life of the 
Illinois River and correlation of physical conditions with dis- 
tribution of life of the stream were carried on for a long period 
jof years When changed conditions made a continuation of this 
iproject seem unprofitable the researches had extended to that 
(point where it was widely acclaimed that the Illinois River had 
>J)een more thoroughly investigated as to its biology than any 
other river in the world- 

“Much of his earlier work was upon the fresh water Crustacea 
which at the time when he began his studies were practically 
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unknown in this country. A colleague, C Dwight Marsh, an 
internationally recognized authority in this group, has evaluated 
Professor Forbes’ earliest taxonomic studies with the statement 
‘In North America articles were published regarding some forms 
in the early part of the century, but nothing recognizable ap- 
peared until S. A. Forbes commenced his series of papers. 
Although these papers were* not extensive, they were exact and 
carefully worked out, and to Forbes may be given the credit 
of laying the foundation for all subsequent work in this country.’ 

‘'Some notion of the thoroughness of his studies may be 
gained from the fact that a paper which he published in 1876 is 
the most comprehensive work on the higher Crustacea of Illinois 
which has appeared down to the present date. When Professor 
Forbes was accorded that signal honor of membership in the 
National Academy of Sciences, the significance of this early 
period of his work that had escaped the memory of many of his 
associates was again brought to light.” 

It is interesting to remember that the present writer was one 
of the proposers of Professor Forbes for the Academy, and that 
he drew especial attention to the significance of the early period 
of his work, largely for the purpose of emphasizing his great 
breadth of view as a zoologist and as an entomologist 

In 1882 Forbes was made State Entomologist of Illinois. At 
that time only three States had had officials with this title* 
namely New York, Illinois and Missouri; and with the appoint- 
ment of C. V. Riley in Washington in 1878, Missouri abandoned 
work of this kind. The Illinois position was created by the 
State legislature in the winter of 1866-67. The first nunimbent 
of the office had been a very extraordinary man, Benjamin D. 
Walsh, an Englishman by birth, of Cambridge training, who 
published only one report before his death. Walsh was suc- 
ceeded by Dr. William LeBaron, who published four reports as 
appendices to the Transactions of the State Horticultural Society 
from 1871 to 1874. LeBaron died in harness, and was wSucceedetl 
by Rev. Cyrus Thomas, who published a series of six reports 
extending over the years 1875 to 1880. After the publication of 
the last of these reports Thomas transferred his labors to the 
field of ethnology, and upon his withdrawal from office Forbes, 
then Director of the State Laboratory of Natural History, was 
appointed* He held the office from that time until 1917, 
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In 1894 the present writer gave an address entitled “A Brief 
Account of the Rise and Present Condition of Official Economic 
Entomology/' At that time Forbes had published six reports, 
and I wrote of them in the following words: 

“Prof. Forbes’ reports are among the best which have been 
published. They are characterized by extreme care and by origi- 
nality of treatment which has seldom been equaled. The prac- 
tical end is the one which he has kept mainly in view. His 
experiments with the arsenites against the codling moth and the 
plum curculio were the first careful, scientific experiments in this 
direction which were made, and his investigations of the bacterial 
diseases of insects have placed him m the front rank of investi- 
gators in this line His monographic treatment of the insects 
affecting the strawberry plant is a model of its kind, and the same 
may be said of his work upon the corn bill-bugs and of his studies 
of the chinch bug In fact, whatever insect or group of insects 
has been the subject of his investigations, he has attacked the 
problem in a thoroughly original and eminently scientific and 
practical manner.” 

I feel sure, however, that, strong as is this praise, I did not do 
full justice to these reports nor to Professor Forbes’ work I 
was afraid of superlatives and hardly appreciated his breadth of 
view. From the start his work made a profound impression 
upon every one interested in the applications of science to agri- 
culture, and he was chosen as the second President of the Asso- 
ciation of Economic Entomologists, following C. V. Riley who, 
as the original proposer of the Association and as the official 
government entomologist, was naturally made its first President. 
It is interesting to note moreover that Forbes is the only man 
who was ever reelected to that office. This reelection occurred 
in the year 1908, It is perfectly safe to say that all through his 
active career he was looked upon as the leader among the eco- 
nomic entomologists of America — ^the man who commanded 
every one’s respect and whose judgment was considered to be 
absolutely sound And a man of this type was greatly needed 
among the men drawn from here, there and everywhere, in the 
opening up of this relatively new branch of applied science. He 
realized from the start and as a result of his former broad studies 
the necessity for the careful study of all of the ecological fea- 
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tures connected with the undue increase of a given species. He 
appreciated this before the words ecology and ecological came 
into use, and m a way he may be said to have been the founder 
of the science of ecology in the United States 

In 1917 the position of State Entomologist was merged into 
the Illinois Natural History Survey, and he continued as Chief 
of the Survey until the time of his death 

In 1884 he was called to Urbana as the head of the Department 
of Zoology and Entomology in the University of Illinois. The 
State Laboratory of Natural History was transferred to the 
University, and in 1917 became the Illinois Natural History 
Survey. His professorship of zoology and entomology in the 
University was changed in 1909, and he remained Professor of 
Entomology until his retirement as Emeritus Professor m 1921. 
He was Dean of the College of Science from i888 to 
after that was the Chairman of the Committee on University 
Educational Policy of the University Senate. 

In the list of his writings, appended to this paper, will be found 
more than four hundred titles, but this does not include any 
reference to articles in fugitive journals or to any small pub- 
lished notes. Neither does it include the titles of such of his 
writings as do not concern Science. Two of them, of transcend- 
ent merit have come to my attention His “Gierson's Cavalry 
Raid'* was published in the Transactions of the Illinois State 
Historical Society, 1907, and his wonderful essay ‘'War as an 
Education'' appeared in the Illinois Magazine for October, tgn. 
Of these titles, 19 refer to educational matters, 74 to zoology 
aside from entomology, 10 to botany, 20 to ecology, 52 to general 
natural history, and 224 (a little more than half) to entomology. 
But this list of titles in entomology is somewhat misleading from 
the fact that it includes only as individual titles his repcirts as 
State Entomologist, Of these he published eighteen, and all 
were lengthy and included many topics of which the majority 
might well have appeared as separate entries in his bibliography. 

All of his writings on entomological topics stand out con- 
spicuously from the mass of publications on this subject. Here 
for the first time in the history of economic entomology a man 
not only of striking originality but of very broad biological sym- 
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pathies and experiences found himself engaged in the multi- 
farious problems of insect damage to human interests. None of 
his predecessors or contemporaries in this field had his broad 
experience in biology or his broad outlook on nature. Therefore, 
especially in his general addresses, he establishd beyond question 
his leadership among all of his fellow workers No one who 
heard or read his address to the Economic Entomologists at the 
meeting of the American Association for the Advancement of 
Science in Baltimore in December, 1908 {Journal of Bconomic 
Entomology, vol II, no. i, February 1909, pp. 25-35), will ever 
forget it. It made a very deep impression which has resulted in 
no end of good to all of us in our work and in our views of 
things. 

So much for Forbes’ scientific work. As to the man himself, 
we must devote some attention In a charming paper on his 
Ancestry, Education and Character,” his son, Ernest B. Forbes, 
gives a very intimate insight into his father’s character. It is in 
fact too intimate in part to be quoted here, although it was quite 
appropriate as a contribution at the memorial services in Urbana. 
I have selected the paragraphs that follow as indicating the man 
very clearly aside from his scientific achievements. 

During the years 1861-65, his four-years’ experience in the 
army constituted as intensive a course of instruction as any ob- 
tainable in college, and it was all education to the mind athirst 
and prepared to receive it. Enlisting in Company B of the 
Seventh Illinois Cavalry at the age of 17, he pursued his military 
studies as diligently as he had applied himself to books, and was 
made an orderly sergeant at 18, a lieutenant at 19, and captain of 
his company at 20. His company was on active duty during 
almost the whole period of the war, and he was under fire on 22 
occasions including engagements at Clinton, Port Hudson, Byha- 
lia, Moscow, Somerville, Collinsville, Okolona, Memphis, Camp- 
bellsville, Lynville, Franklin, and Nashville. 

While in the vicinity of Corinth, Miss., he was captured while 
carrying a despatch, and spent four months in prison at Mobile, 
Macon, and Richmond. During this time, under desperately dis- 
couraging conditions, he maintained his morale by studying 
Greek ; and later, after exchange, during a period of inactivity, 
he bought Spanish books, which he learned to read It was all 
school, to the born scholar. 
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Of the educational value of his military experience he writes : 
‘'In one respect particularly, our experience was a hopeful 
prophecy, if not itself a cause, of subsequent success Any one 
who had kept the solitary flame of his separate intellectual life 
steadily burning through all the blasts and storms of war, might 
reasonably believe that nothing that should happen to him there- 
after could possibly extinguish it, and this, as we all know, is 
more than can be inferred from the completion of an ordinary 
college course. The eager hunger with which the students 
among us attacked the full tables at home, after four years or 
more of semi-starvation on a few husks and scraps, and the 
enthusiastic appreciation with which we embraced such long de- 
ferred opportunities as still remained to us, made it certain that 
no artificial graduation-day would put an end to our studies, and 
this, after all, is the best outcome of an education. Those of us 
who survived the Civil War in good health and strength, with 
morals unstained and minds still alert, have had no final cause to 
regret what seemed at the time the complete wreckage of our 
plans of life. To us war was not hell, but at the worst a kind 
of purgatory, from whose flames we emerged with much of the 
dross burned out of our characters, and with a fair chance still 
left to each of us to win his proper place in the life of the world.’' 

In politics my father was a Republican, from the day when 
as a 14-year-old boy he listened to the Lincoln and Douglas 
debate at Freeport, 111 ., on August 26, 1858. He came away 
from this historic event “quite aflame with enthusiasm for the 
new Republican party and especially for Lincoln as its champion, 
and equally incensed against Douglas as the leader and champion 
of the Democrats,” 

Of this occasion he has written, in part : 

“When Lincoln arose to open the debate, my first feeling was 
a genuine shock of surprise, of disappointment, of chagrin at his 
homeliness, his awkwardness, his plainness of attire — ^at the 
farthest remove from the bearing, look, and dress of a boy’s 
ideal ; but when he began his argument in his high, penetrating 
voice, calm, clear, connected, and so simple and lucid that even 
I could follow it without efifort, I got the first impression of my 
life of a truly lofty character and a great mind in vigorous action. 

“Lincoln, as you will remember, made the opening speech at 
Freeport, and although his most telling points were enthusiasti- 
cally applauded, there was practically nothing in the responses 
of his audience to indicate that there were any DemrxTats among 
them. Douglas, in fact, opened his re joiner with a compliment, 
not to the speaker for his calm and persuasive speech, but to the 
assembly for ^the kind and respectful attention which they 
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yielded not only to political friends but to those opposed to them 
m politics ’ He himself received at first the same kind of treat- 
ment, being even more frequently and vociferously applauded 
than Lincoln ; but as he warmed up to his argument he began 
seemingly to try to irritate his opponents by calling them always 
'black^ Republicans, with an angry and contemptuous emphasis 
on the word 'black/ The taunt was received in silence for a 
few times, and then loud cries of 'white, white,^ began to come 
from all directions, every time he used the offensive epithet, 
and the clamor presently became so great, after a peculiarly 
irritating application of it, that Douglas paused to remind his 
hearers 'that while Lincoln was speaking there was not a Demo- 
crat vulgar and blackguard enough to interrupt him ’ It was at 
this point that my adhesion to republicanism became complete, 
and I shouted up to Douglas at the top of my boyish voice : 'Lin- 
coln didn’t use any such talk.’ I was sharply reproved by those 
about me, and told that I must not ‘talk back’ ; and so stood in 
mortified silence until Lincoln again took the stand, when he 
began by saying . ‘The first thing I have to say to you is a word 
m regard to Judge Douglas’ declaration about the “vulgarity and 
blackguardism” in the audience, . . . that no such thing as 
he says, was shown by any Democrat while I was speaking. 
Now, I only wish, by way of reply on this subject, to say that 
while / was speaking, I used no “vulgarity or blackguardism” 
toward any Democrat ’ With this elaboration of my own senti- 
ment I need not say that I was relieved and delighted, or that I 
joined in the hearty laughter and applause with which . . . 

his rejoinder was received.” 

As a Republican, however, my father was, as in most other 
ways, an independent, and he never hesitated to “scratch” his 
ticket in favor of the Democrat when he believed the Democrat 
to be the better man 

My father’s religious status is made clear by the following, 
which was written in 1923: “I was, and still am, a rationalist 
and an agnostic, for whom what is known as faith is merely 
assumption, often practically necessary, since in active life one 
must very often act as if he believed what he does not and cannot 
really know, but unexcusable in purely theoretical matters,” — 
but he drew a line through the words “and still am,” and wrote 
above them the words “as a younger man.” I think that this 
change was dictated by a growing hope that there is more to life 
than a scientist knows, or can know. At this time he was much 
attracted by the beauty and the comfort of the orthodox beliefs 
of his childhood, which he had lost during his scientific career. 
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Throughout life my father was active in the support of liberal 
religion, and, with my mother, initiated the movement which re- 
sulted in the establishment of the Unitarian Church of Urbana. 

My father was reticent concerning his inner and deeper life, 
and, in 1923, in writing of things he would do differently if he 
were to live again he said, ‘T would be open, frank, and free 
with respect to my theories of life, and especially of religion, 
instead of leaving my children, so far as I was concerned, to 
find their own way in these difficult and important matters, as 
best they individually could It was not indifference or thought- 
lessness that influenced me, but, for one thing, a belief in indi- 
vidual freedom in this field, unprejudiced by authority exercised 
upon the helpless and defenseless child, and for another a con- 
viction that my personal views were so far out of harmony with 
those of the ordinary American community that my children 
might find themselves strangers and even outcasts among their 
fellows if they were to follow my lead 

Physically, my father was characteristically restless, active, 
and energetic. While at the height of his powers his course 
through the Natural History Building could be traced by the 
slamming of the doors behind him. The attitude of command, 
attained during his extensive military service, was habitual, and 
he expected action on the part of his subordinates. 

Until the last few years he exercised with phenomenal per- 
sistence. In the early days he did a great deal of walking, run- 
ning, rowing, wood-chopping, club swinging, roller-skating and 
horse-back riding. He rode a bicycle for many yearwS, and 
averred that his use of this vehicle added ten years to his life. 

Later he drove an automobile and became locally famous 
for a long series of minor mishaps, — resulting from the facts 
that the automobile came late in the period of his physical 
adaptability, and that he drove to the accompaniment of his 
intensely concentrated thinking, without knowing that he failed 
to give the job his whole attention. 

He learned to skate, swim, and to play golf with the generation 
following his own, but did not become proficient in these exer- 
cises. “Common’* labor was uncongenial to him, and he once 
said that, for him, it would be “like hitching a race-hor.se to a 
dump cart.** 

Mentally he was quick, acute and alert ; he delighted to deal 
with nice distinctions, and especially with complicated situations ; 
and had a decided predilection for statistical and graphic presen- 
tation of products of research. 

He was a poor sleeper, about five hours being his normal 
amount. The remainder of the night he spent reading, in bed. 
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He was throughout life a prodigious reader, of a wide range 
of serious literature When delving into treatises in the fields of 
philosophy, ethics, psychology, pedagogy, metaphysics, genetics, 
scientific theory, and the method of science, his mind was enjoy- 
ing its choicest diet , and by way of lighter reading he devoured 
quantities of French fiction 

Temperamentally he was in all ways a man of refined sensi- 
bility. He had a developed appreciation of the dramatic; and 
greatly enjoyed the theatre His soul was attuned to the poetic, 
and he was devoted to Browning When deeply moved he occa- 
sionally wrote an exquisite poem — to express himself — and then, 
characteristically, destroyed it. He loved music, and he played 
the organ m the days before pianos were common. He was 
naturally imaginative, and by early training was deeply religious. 


Since he was of an intensely intellectual type, he was easily 
bored by boresome people, and made but few intimate friends. 
There was, however, almost always some small and choice group 
of kindred spirits with whom he met for feasts of philosophy, 
and these men he enjoyed immensely. 

During his later years, as his professional interests became 
more perfectly organized, and more securely established, my 
father was able to relax a certain degree of the pressure under 
which he had formerly worked, and to enjoy knowing a greatly 
broadened group of acquaintances. These years, therefore, were 
increasingly rich in gratifying personal relations. 

It is characteristic of the man that even among his closest 
friends he was fair and temperate in his expressions regarding 
those whom he disapproved. He was much too wise to let him- 
self hate anyone. On occasion, however, he could demonstrate 
a power of description equivalent to vivisection. 

The dominant motive in my father's life was overwhelmingly 
that of scientific research in the public service. Research was, 
with him, not a conscious passion, I think; it was life itself — as 
natural as breathing, and his public-mindedness wasr no less 
spontaneous. It is true that he managed the investment of his 
savings with gi-eat interest but to have been condemned to a life 
devoted to private gain would have been for him genuine impris- 
onment. 

The final, supreme demonstration of his superb morale was 
when with health, strength, friends of his own age, and wife all 
gone, he was able, through sheer intellectuality, to continue at his 
work, stimulated by the doing of new things, in the true spirit 
of youth, until 9 days from the date of his death, at the age of 
85 years, 9 months, and 13 days. 
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I have already quoted from a letter recently sent me by Prof. 
C, A Kofoid that portion relating to Doctor Forbes^ early work 
on aquatic life and animal associations, and I now introduce 
another passage from the same letter which refers to Professor 
Forbes in other ways . 

Intellectually Professor Forbes was a man of rare ability 
marked by an acquisitive mind and an unusual perspective of 
values. He early mastered the languages needed in scientific 
research. He read widely, and no work of importance escaped 
his keen eye. It was his wont to glance over the incoming litera- 
ture in the library of the State Laboratory of Natural History, 
and he often dropped a casual word to his associates on the mat- 
ters which interested him or which might interest others. PIis 
library reflected very well the breadth and activity of his intellec- 
tual and scientific interests. In spite of a certain aloofness, due 
apparently to an inherent shyness, he enjoyed conversation on 
the highest planes. He sought out and cultivated the acquaint- 
ance of those with whom he found and to whom he gave intellec- 
tual stimulus. He was the leading spirit in the '‘Theory Club'’ — 
a group of six, consisting of Professors Kinley (later President), 
Palmer (Chemistry), Townsend (Mathematics), Daniels (Phi- 
losophy) and myself the youngest of the group. We met regu- 
larly in the home of some member, and digested and dnscussed 
in a heavily nicotinized atmosphere such mighty treatises as Karl 
Pearson’s "Grammar of Science’' and Ward's "Naturalism and 
Agnosticism." As a dialectician, Forbes was keen in analysis, 
alike in attack on and defense of the position of the author 
under discussion and of his critics among our numbers. We 
came to look unon him much as an arbiter. Pie was at his best 
when he was in the midst of the clarification of some knotty 
problem in the philosophical relation.s of science, when with 
uplifted cigar in hand he would discourse, wittily, fluently and 
pointedly, till his cigar went cold, on subjects far afield from 
Hessian fly and corn aphids but with a familiarity and readiness 
as masterful as though he were in a group of his entomological 
colleagues. 

It would be inferred very naturally from this that Forbes 
wrote unusually well He did more than that. He was one 
of the ablest writers among scientific men. I have never read 
anything more perfectly done than his article "War as an Edu- 
cation," published in the Illinois Magazine for October, 191 t. 
Others have called attention to this especial ability. Henry B, 
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Ward says (loc. cit.) : ''In all his writings he manifested a 
beauty of style that made them unusually appealing/’ Herbert 
Osborn called him "an adept in the use of language ” C. L. 
Metcalf says, "His writings were chafacterized by their remark- 
able, simple, lucid expression ” Dr. David Kinley, in his me- 
morial address, refers especially to Forbes’ “lucidity of expres- 
sion,” and goes on to say, "He was a master of literary style, 
writing with a simplicity and clarity that would serve as a model 
for many specialists in literature and rhetoric.” 

In the long quotation from Dr. E B Forbes a page or two 
back, the paragraph beginning with the words “Of the educa- 
tional value of his military experience . . .” quotes the last 

paragraph from “War as an Education,” and it was well worth 
quoting But simply for delightful reading, let me quote one 
more paragraph from that remarkable essay. It relates to the 
call of the Civil War to the youth of that time : 

I had prepared for college, and was "studying ahead” on 
the college course of the time as well as I could on a farm and 
under the tuition of an older brother, when the echo of the can- 
non in Charleston harbor drove all such ideas out of my mind. 
To remain quietly at home, busy with books and teachers while 
my comrades were thronging to the front to fight for my country, 
was simply impossible, and the mere thought of it intolerable. 
Indeed, I think that most of us were secretly glad that we had 
been born in the time when it was possible for a boy to do 
anything so wildly and gloriously different from what had been 
planned for him as to go to war. It was not to us a dilemma, 
a sacrifice; it was a privilege, an intoxicating opportunity; we 
could not be made to stay at home. And this was not by any 
means the result of our training It was because of something 
born in us ; it was in our blood — and it is in the blood of young 
Americans yet, peace gospels and Carnegie foundations to the 
contrary notwithstanding. The longing for adventure, the youth- 
ful spirit rising to the challenge of danger, the thrill of responsive 
feeling to the “call of the country,” all merging in that irresist- 
ible swell of patriotic emotion which lifted a whole people on 
its mighty bosom — ^these were the influences within us and with- 
out us which made us feel for the time that war was the only 
thing in the world worth while. 

Personally, Professor Forbes was tall (six feet or there- 
abouts), reasonably slender, muscular, active. People have 
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Spoken of his “military carnage,” the result of early army train- 
ing. Although I had known him for more than forty years, 
I never noticed an3rthing especially military m his bearing I 
have just looked up a snapshot taken of him by Paul Marchal 
in 1913, and which is published in that famous French writer's 
book “Les Sciences biologiques Appliquee a TAgnculture dans 
les £tats Unis” (Figure in), and I find that, while the figure 
is straight, the head is advanced, confirming my recollection of 
him at that time. The picture was taken on Doctor Forbes’ 
birthday Marchal and I happened to visit him on that day 
and stayed to the family birthday dinner In earlier years he 
had a notably quick step and military carnage 

His son Ernest has referred to his father’s physical activities 
and to his later interest in certain outdoor sports. Henry B. 
Ward, in his account in Science, referring to his automobile 
driving, says, “ . he often chuckled at a comment on his 

arrest for speeding on his eightieth birthday.” He was a hand- 
some, well featured man, of, I should say, a scholarly type. A 
very interesting comment on his personal appearance was made 
by Sir William Ramsey in a letter to Doctor Kinley written 
after a visit to the University of Illinois. I quote two para- 
graphs : 

When I was in Champaign, Professor Forbes, whom I saw 
frequently, struck me as being strangely familiar and I was 
always puzzled as if I ought to have recognized him. It was 
only after I left that the explanation occurred to me. He is the 
typical Aberdonian of one, and that the commonest, type. There 
are two distinct types of Aberdonian, one like him, and it is the 
most characteristic, a big, powerfully built frame of a certain 
characteristic build, and with a certain aspect of face, This k 
the type that is regularly associated with Aberdeen. If a painter 
were instructed to paint a picture of the battle of Harlaw, where 
the Aberdeen Burghers, led by Provost Davidson, defeated the 
whole force of the Highlands (so far as the Highlands ever 
could be united in anything) and were looking about for a char- 
acteristic set of five men from whom he should make up the type 
of Provost Davidson, Professor Forbes would certainly be one 
of the five. 

That is why Professor Forbes seemed to be such a familiar 
figure and personality. He was the typical Aberdonian of his 
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own kind, who had preserved the type absolutely unchanged. 
The Aberdonian never yields to circumstances but dominates 
them and remains himself (except in the case of a few persons 
who are conceited and therefore affect an Anglified accent, which 
only makes them comic). 

In 1873 Professor Forbes married Clara Shaw Gaston, and 
her death in 1930 preceded his own by a few weeks only. It 
was a long, happy and very loving companionship. Two oi 
Mrs Forbes' colonial ancestors came over on the Mayflower, 
namely, John Tilley and John Howland. In her were combined 
French, Scotch, English and Welsh blood 

The devoted couple had five children — Bertha Van Hoesen 
(Mrs, Burton R. Herring), Ernest Browning, Winifred, Ethel 
(Mrs Frank W. Scott), and Richard Edwin. The last-named 
died at the age of six years, in 1903, but all of the others are 
still living. 

I must not conclude this account of Forbes' long and distin- 
guished career without especial reference to an article entitled 
‘‘Stephen Alfred Forbes — An Appreciation," by Frank Smith, 
then ]ust retiring from his professorship in the University of 
Illinois, and published in The Audubon Bulletin, 1926, No. 
17. Doctor Smith, himself a broad zoologist, gives an especially 
careful and appreciative survey of Forbes' work other than in 
entomology. 

It will undoubtedly appear from what I have written that 
although the subject of this memoir did most important work 
in botany and in a number of branches of zoology, he was far 
more than a specialist in any branch. He studied the birds and 
the fishes and the insects and the life of the rivers and lakes, all 
as elements of a great complex, and he studied them broadly in 
their relations to their surroundings Man himself was his 
starting ecological factor. In fact, it will be difficult if not 
impossible to point out a naturalist of his generation who was 
more original or broader or sounder. 
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Report on the Museum of Natural History at Normal. Ill Sch Rep , 
vol. n, pp. 324-331, 1877 

1878 

Introduction (explaining change of title of bulletin series) 111 Lab. Nat 
Hist. Bui, vol I, no 2, p. i, June 1878 

Circular of information (on equipment, library, collections, investigations, 
etc.) Ill Lab. Nat Hist Circ, 14 PP, June 1878. 

The food of Illinois fishes. Ill Lab Nat Hist. Bui , vol i, no. 2, pp 
71-89, June 1878. 

Breeding habits of Conxa Amer. Nat , vol. 12, p. 820, Dec. 1878. 

Notes on the development of Amia Amer Assoc Adv. Sci. Proc , vol 27, 
pp. 296-298, 1878. 

1879 

On some sensory structures of young dog-fishes. Amer. Quart. Micr, 
Jour., vol. I, pp 257-260, pi xix, July 1879. 

The food of birds 111 . Hort. Soc. Trans., vol. 12, pp. 140-145, 1879, 

Report of the Director of the State Laboratory of Natural History (to 
the State Superintendent of Public Instruction), for 1877-1878, 111 . 
Sch, Rep., vol 12, pp. 191-198, 1879. (Based on “Circular of Informa- 
tion*' issued in June 1878). 

1880 

The food-habits of thrushes. Amer. Ent., vol. 1 (n. s.), pp. 12-13, Jan. 
1880. 

trhe food of birds : the thrush family. 111 . Hort. Soc. Trans., vol, 13, pp, 
120-172, 1880. (Extracts^ Amer. Nat, vol. 14, pp. 448-450, June 1880.) 

The food of the bluebird (Sialis sialis L.). Amer. Ent, vol. i (n, s.), 
pp. 215-218, 231-234, Sept.-Oct 1880* (See supplementary nok, Amer. 
Nat, vol. i5r pp. 66-67, Jan. 1881.) 

The foewi of the darters. Amer. Nat., vol. 14, pp. 693-703, Oct 1880. 

On some interactions of organisms. Ill, Lab, Nat. Hist. Bui., vol. i, no. 3, 
pp. 3-17* Nov. 1880. (^d, ed., pp. 3-18, 1903,) 

The food of fishes (Acanthopteri). Ill, Lab. Nat. Hist Bul„ vol. i, no. 3, 
pp. 18-65, Nov. 1880, (2rf. ed., pp. 19-70, 1903.) (Also, 111. Fish Com. 
Rep. for 1884, pp. 90-127.) 
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On the food of young fishes 111 Lab Nat. Hist Bui, vol. i, no. 3, pp. 
66-79, Nov. 1880. i 2 d. ed, pp 71-85, 1903) (Also, Proc. Central 
Fishcult Soc., 2d meet , pp. 10-19, 1881 ) 

On the food of birds (the thrush family and the bluebird). Ill Lab. Nat. 

Hist Bui., vol. I, no. 3, pp 80-148, Nov 1880 (2d ed , pp 86-161, 1903.) 

Notes on insectivorous Coleoptera 111 Lab Nat Hist Bui, vol. i, no. 3, 
pp. 153-160, Nov 1880. (2d, pp 167-176, 1903) 

1881 

Supplementary report on the food of the thrush family. Ill Hort Soc 
Trans., vol 14, pp. 106-126, 1881 

A few notes on the food of the meadow lark 111 . Hort Soc Trans , vol 
14, pp 234-237, 1881 

Supplementary note on the food of the bluebird Amer Nat, vol. 15, pp 
66-67, Jan i88i 

A rare fish in Illinois Amer. Nat, vol 15, pp 232-233, Mar 1881. 

The English sparrow in Illinois Amer Nat, vol 15, pp 392-393, May 

1881. 

How to study a common fish. 111. Sch. Jour, vol. i, no. 2, pp 10-13, June 
1881 

Guide to the morphology of the crawfish 111 . Sch. Jour, vol. i, nos. 3-4, 
PP S“ 9 , July- Aug 1881. 

Birds and canker worms Amer Agr, vol 40, pp. 482-483, Nov 1881; 
vol. 41, pp 18-19, Jan 1882 

Report of the Director of the State Laboratory of Natural History (to 
the State Superintendent of Public Instruction), for the year ending 
June 30, 1880. Ill, Sch. Rep,, vol 13, pp 127, 138-160, 1881 (Also as 
pamphlet, 24 pp , 1881.) 

1882 

The blind cave-fishes and their allies. Amer. Nat, vol 16, pp. 1-5, Jan. 

1882. 

On the first food of the white-fish. Amer. Field, vol 17, p. 171, with i 
fig., Mar. II, 1882. (A preliminary report of investigations described 
in 111 . Lab. Nat. Hist. Bui, vol. i, no 6, pp 95-109, May 1883). 
(Letters to S. F. Baird on the food of young whitefish, Coregonus clupei- 
formis,) U. S Fish Com Bui., vol i, pp 19-20, 269-270, 402-403, 1882 
On the lakes of Illinois. Ill Sch. Jour., vol 2, no. i, pp 17-18; no. 2, 
pp. 14-15; May-June 1882. 

A remarkable new rotifer (Cupelopagis hucinedax) Amer. Mo. Micro 
Jour., vol 3, pp. 102-103, with I fig, June 1882 (See note, ibid., p. iSi, 
Aug, 1882.) 

On some entomostraca of Lake Michigan and adjacent waters. Amer. 

Nat., vol 16, pp. 537-542, 640-649, pi ix, July-Aug. 1882. 

Circular (inviting correspondence from agriculturists and horticulturists 
on injurious insects), III Crop Rep. Circ. 90, p 46, July 1882 
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The chinch-bug in 1882 : field notes 111 Crop Rep Circ 92, p 77, Aug 
1882 

Bacterium a parasite of the chinch bug Amer. Nat , vol 16, pp 824-825, 
Oct 1882 (Cf Prairie Farmer, Dec. 9, 1882.) 

lyist of localities and dates (of collections) 111 Lab Nat Hist Circ., 
10 pp , 1882. 

The regulative action of birds upon insect oscillations. 111 . Lab Nat Hist 
Bui., vol. I, no 6, pp 3-32, Dec. 1882. (2d! cd,, pp. 1-31, 1912 ) 

The ornithological balance-wheel. Ill Hort. Soc. Trans., vol 15, pp 
120-131, 1882. 

The relations of birds to horticulture Missouri Hort Soc. Rep. for 
1880-1881, pp. 170-184, 1882. 

1883 

Scolopendrella 111 Illinois. Amer. Nat , vol. 17, p. 91, Jan 1883. 

The food relations of the Carabidae and Coccinelhdae III Lab Nat, Hist. 
Bui., vol I, no 6, pp 33-64, Jan 1883 

Partial list of the duplicate fishes and aquatic invertebrates of the Illinois 
State Laboratory of Natural History 111 Lab Nat. Hist. Circ , 4 pp., 
Jan. 1883. 

Insects affecting corn. Ill Fnt Off. Circ ,21 pp , i pi, 1883. 

(Letters to B W. Thomas on resolving Amphiphura pcllucuhi by central 
light.) Microscope, vol 3, pp. lo-ii, Apr 1883 

A new wheat insect: the wheat bulb worm. 111 . Crop Rep. Circ 96, pp 
16-17, with 2 fig, Apr 1883. 

The food of the smaller fresh-water fishes. 111 . Lab Nat, Hist. Bui, vol 
I, no 6, pp 65-94, May 1883 

The first food of the common white-fish. Ill Lab. Nat. Hist. Bui, vol. i, 
no, 6, pp. 95-109, May 1883 (Also, U. S. Fish Com. Rep. for 1881, pp. 
771-782, 1884 ) 

The corn-root worm. Ill Crop Rep. Circ. 94, p. 122, 18B3, 

The strawberry crown-borer (l^ylodcrma fniyamc Riley). Ill Crop 
Rep. Circ. 98, pp. 42-43, May 1883. 

Experiments on chinch-bugs: memoranda of experiments relating to use 
of kerosene emulsions. U, S. D, A., Div. Ent., Bui no. 2, pp. 23-25, 1883. 

An enemy of wheat— the wheat bulb-worm. Prairie Farmer, vol 55, 
pp. 481-482, with 7 Aug. 4, 1883. 

Memoranda with regard to the contagious diseases of caterpillars and 
the possibility of using the virus of the same for economic purpose.s (“a 
full abstract'"). Amer. Nat, vol 17, pp. 1169-1170, Nov. 18H3, (C 7 . 

Can. Ent, vol 15, pp. 171-172, Sept 1883.) 

(Proposed study of internal parasites of swine.) Ill Lab. Nat. Hist. 
Circ.) I p,, Nov. 1883, 

Notes on economic ornithology III Hort Soc, Trans,, vol 16, pp. 58-71, 
1883, 
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Contributions to horticultural entomology I The strawberry crown 
borer II. The strawberry root worm. Ill Hort. Soc Trans., vol. i6, 
pp 193-203, 1883 

Insects affecting the strawberry. Miss Vail Hort Soc Trans , vol i, 
PP 50-85, with 21 fig , 1883 

(lyetter on) the strawberry leaf roller. Minn. Hort. Soc. Rep. for 1883, 
pp. 323-324, 1883 

A new insect disease. Prairie Farmer, vol 55, p 630, Oct. 6, 1883 

Twelfth Report of the State Entomologist on the noxious and beneficial 
insects of the State of Illinois, (he%ng the) first annual report of S. A 
Forbes, for the year 1882 111 . Dept. Agr Trans , vol 20, app., pp. 6-120, 

with 30 fig, 1883. {Also issued separately, Nov 1883) Contents as 
follows 

Letter of transmittal (5-9), the corn root-worm C 10-31) ; studies 
on the chinch-bug — I (32-63) , the strawberry crown-borer (64-75) , 
the strawberry crown miner (76-82) , the melon plant-louse (83-91) ; 
experiments with the European cabbage worm (92-97) , miscellaneous 
notes (98-104), the food relations of predaceous beetles (105-120). 
Appendix: the Lombardy poplar borer, by T. J. Burrili. (121-122) , 
the Phytopti and other injurious plant mites, by H Garman (123- 
143) , observations on the Angoumois gram moth and its parasites, 
by F M. Webster (144-154) 

Report of the Director of the State Laboratory of Natural History (to the 
State Superintendent of Public Instruction), for the two years ending 
June 30, 1882 111. Sch. Rep , vol. 14, pp. Ix-lxxi, 1883 {Also as pam- 
phht, 12 pp , 1S83 ) 

1884 

On the hfe-histones and immature stages of three Eumolpini. Psyche, 
vol 4, pp 123-130, pi 1, Jan -Feb. 1884. {See corrective note, ibid., vol. 
4, pp. 167-168 ) 

Entomological notes of the season (1883) 111 Crop Rep Circ. 106, pp 

177-178, Mar. 1884 

Circular (on the corn plant louse and the Hessian fly) 111 . Crop Rep 
Circ. no, pp. 48-4P, with 4 fig, May 1884 

The wheat-straw worm. 111 . Crop Rep. Circ. 112, pp 14-15, with i fig., 
June 1884. 

Supplementary report on insects affecting the strawberry, Miss Vail. 
Hort Soc Trans., vol 2, pp 234-258, with 14 fig., 1884. 

The tarnished plant bug. Minn. Hort Soc. Rep. for 1884, pp. 339-342, 
1884. 

On a contagious disease of caterpillars. 111 . Hort Soc. Trans , vol. 17, pp. 
29-41, 1884. 

Destruction of fish food by bladderwort {Utrkularxa) . U. S. Fish Com. 
BuL, vol. 4, p. 443, 1884. {Reprinted from Forest and Stream for Sept. 
4, 1884.) 
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Thirteenth Report of the State Entomologist on the noxious and beneficial 
insects of the State of Illinois, (being the) second annual report of S A. 
Forbes, for the year 1883. Ill Dept Agr. Trans., vol. 21, app , 183 + 
XXI pp , 15 pi , 1884. (Also issued separately. May 1S84.) Contents as 
follows . 

Letter of transmittal, notes of the year, etc (9-12) ; the wheat-bulb 
worm (13-29) ; the wheat-straw worm (30-38) , on insects affecting 
sorghum and broom-corn (39-56) , the black-headed grass maggot 
(57-59) , insects injurious to the strawberry (60-180) ; insects in- 
jurious to the apple (181-183). 

(Statement of the origin and function of the Illinois State Laboratory of 
Natural History.) Introduction to 111 Lab. Nat. Hist Bui , vol. i, p 2, 

1884. 

Report of the Director of the State Laboratory of Natural History (to 
the State Superintendent of Public Instruction), for the two years end- 
ing June 30, 1884 111 . Sch Rep , vol. IS, PP Iviii-lx, 1884. 

188s 

Aberration m the perch Amer Nat, vol. 19, p 192, Feb 1885. 
Description of new Illinois fishes 111 . Lab Nat. Hist. Bui,, vol 2, pp. 135- 
139, March 1885 

Miscellaneous notes on farm insects. Ill Crop Rep. Circ 118, pp. 193-194, 
Mar. 188s. 

The root web-worm (Cramhiis acelus Fernald). Ill Ciop Rep Circ 122, 
pp 38-39, with I fig, May 1885. 

Further notes on the root web-worm. 111 . Crop Rep Circ 123, pp. 48-49, 
with 3 fig., June 1885 

On some Illinois locusts (grasshoppers) 111 Crop Rep. Circ 125, pp 
^7-30, Aug. 1885. 

[ — with T J. Burkii,l] Report on agricultural experiment stations. 111 . 

Hort Soc Trans., vol. 18, pp. 52-71, 1885. 

A season's work in horticultural entomology. 111 . Hort, Soc. Trans., vol, 
i8, pp. 117-127, 1885. 

(Letter to William Jackson, Mar. 8, 1884, on remedies for the cabbage 
worm, etc.) 111. Hort. Soc. Trans., vol. 18, pp. 258-259. 1885. 

Fourteenth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, (being the) third annual report of 
S. A. Forbes, for the year 1884, 111 . Dept. Agr. Trans., vol. 22, app„ 
vii + 136 + xi + 120 pp,, 12 pi., 1883. (Also issued separately, Sept. 

1885. ) Contents as follows : 

Letter of transmittal (i) ; entomological calendar (3-8); con- 
tributions to agricultural entomology— I, on new and little-known 
corn insects (n-33), — H, notes on insects injurious to wheat (34- 
69), — III, brief notes on sorghum insects (70-71), — IV, on some 
clover insects (72-74) I contributions to horticultural entomology 
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— I, on new and imperfectly known strawberry insects (77-82), — II, 
on a few grape insects (83-86), — III, on new insect enemies of the 
blackberry and raspberry (87-92), — IV, on the speckled cutworm as a 
cabbage worm (93-94) > — V, notes on insects injurious to the apple 
and pear (95-102), — VI, on some insect enemies of the soft maple 
(103-111), — VII, insects injurious to the elm (112-115), — VIII, 
brief miscellaneous notes (ii6-n8). Appendix - general indexes to 
the first twelve reports . . . (prepared by Ange V. Miller) — intro- 
duction (v-viii) , systematic list of genera and species (ix-xix) , 
general index to insects (1-68) ; general index to food plants (69-94) ; 
general index to remedies, natural and artificial (9S-107). Index to 
the fourteenth report (108-120) 

A catalogue of the native fishes of Illinois 111 Fish Com Rep. for 1884, 
pp 60-89, with ill , 1885. {Aho, ibid for 1900, pp. 59-80 ) 

1886 

Miscellaneous essays on economic entomology. Ill Dept. Agr. Trans , vol 
23, app., pp 1-126, 1886 (Also issued separately, 1886.) Contents as 
follows 

The entomological record for 1885 (s-25) , experiments on the 
codling-moth and curculios (26-45) [revised reprint from 111 Hort 
Soc. Trans , vol 19, pp. 103-124, 1886] ; a second contribution to the 
life history of the corn plant-louse, by H Garman (46-56) ; partial 
economic bibliography of Indian corn insects (with a systematic list 
of corn insects), by Thomas F Hunt (57-126) 

(Letter) to nurserymen and fruit growers of Illinois (on insects inj'unous 
to young nursery stock) 111 . Ent Off. Circ., i p., Feb. 1886 

Circular (on the Hessian fly). 111 . Ent Off Circ, i p, Mar 1886 

Circular (on the plum curculio). 111 . Ent. Off Circ., i p., Apr 1886. 

Studies on the contagious diseases of insects. Ill Lab. Nat Hist Bui , 
vol 2, pp. 257-321, with I pi., June 1886 (Reprinted, in part, 111 Univ. 
Rep , vol. 13, pp. 294-301, 1887.) 

Chinch bugs in Illinois. Prairie Farmer, vol 58, p 491, with 3 fig , July 
31, 1886 

The chinch-bug in Illinois. 111 . Ent Off. Circ, 8 pp, Sept 1886 (Re- 
printed, Prairie Farmer, Sept 25 and Oct. 2, 1886 ) 

'Nof^'bf the^paytrycar-s-Avork.^ Can. Ent , vol. 18, pji^ 176-177, Sept 1886. 

Leptodora in America. Amer Nat , vol. 20, pp. 1057-1058, Dec. 1886. 

A contagious disease of the European cabbage worm, Ptens rapae, and its 
economic application. Soc. Prom. Agr Sci Proc , vol 7, pp. 26-32, 1886 
(Also, 111 Univ. Rep., vol 13, pp 294-301, 1887.) 

Experiments on the codling motli and curculios. 111 . Hort. Soc Trans., 
vol. 19, pp, 103-124, 1886 (Revised, 111 Dept. Agr Trans,, vol. 23, app,, 
26-45, 1886 ) 
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Report of the Director of the State Laboratory of Natural History (to the 
State Superintendent of Public Instruction), for the year ending June 
30, 1885. 111 . Sch Rep, vol 16, Ix-lxiii, 1886. 

• 1887 

The chinch-bug in southern Illinois 111 Ent Off Circ, 2 pp , Apr. 1887. 
{Also, Prairie Farmer, vol. 59, p 279, Apr 30, 1887 ) 

(Circular of inquiry on injury to grass lands by crane-fly larvae.) Ill 
Ent Off Circ., I p , Apr. 1887. 

The relations of ants and aphids. Amer Nat, vol. 21, pp. S79'58o, June 
1887. 

(Circular letter requesting information on chinch-bug infestations ) 111 . 

Ent. Off Circ., I p., July 1887. 

Arsenical poisons for the codling moth — record and discussion of experi- 
ments for 1885 and 1886. Ill Ent Off Bui, no i, pp r-24, with ii 
diagrams, 1887 {Also, 111 Hort. Soc. Trans , vol. 20, pp. 109-118, 1887 ) 

On the chinch bug in Illinois : present condition and prospects for 1887 and 
1888 ; remedial procedure recommended 111 Ent. Off Bui , no. 2, pp 
27-43, 1887 

Second contribution to a knowledge of the life history of the Hessian fly 
111. Ent. Off, Bui., no 3, pp. 45-61, with i diagram, 1887. (Advance 
sheets from 111 Ent. Rep. 15, 1889 ) 

The lake as a microcosm Bui. Sci Assoc. Peoria, III, pp. 77-87, 1887. 
{Reprinted, III Nat Hist, Surv. Bui., vol. 15, pp. 5 d 7 " 550 » Nov. 1925.) 

(Reports as professor of zoology and entomology, for 1885-1886.) 111 . 

Univ. Rep., vol 13, pp, 47-48, 1 00-102, 160-163, 1887. 

(Reports of the Director of the State Laboratory of Natural History, to 
the Regent of the University of Illinois, 1885-1886,) 111. Univ, Rep., 

vol. 13, pp 55, 93, 100-102, 1887, 


1888 

On the present state of our knowledge concerning contagious insect dis- 
eases. Psyche, vol 5, pp. 3-12 (bibliog. pp. 15-22), Jan.-Feb, 1888. 

The common apple-tree borers. 111 . Ent Off. Circ., 4 pp ^ 7 fig., Feb. 1888. 

A new parasite of the Hessian fly. Psyche, vol. 5, pp, 39-40, with i fig., 
Apr. 1888. 

Studies^ of the food NaCHrst Bui., vol 2, 

pp. 433-473, Apr. 1888. 

On the food relations of fresh-water fishes: a summary and discussion 
(with detailed recapitulation of data). 111 . Lab, Nat. Hi.st. Bui, vol 2, 
pp. 475-538, July 1888. 

Note on chinch-bug diseases. Psyche, vol 5, pp, no-in, Sept. -Oct 1888, 

(Letter on epidemic diseases of the chinch bug.) Insect Life, vol i, p. 
1 13, Oct 1888. 
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The Western Society of Naturalists — a presidential address Amer. Nat , 
vol. 22, pp 988-996, Nov, 1888 

Relation of wheat culture to the chinch-bug Soc Prom. Agr Sci. Proc , 
voL 9, pp. 27-34, 1888. {Abstract, Insect Life, vol i, pp. 222-223, Jan. 
1889) 

Unsolved problems in horticultural entomology 111 Hort Soc Trans , 
vol 21, pp. 92-97, 1S88 

Food of the fishes of the Mississippi Valley. Amer. Fish. Soc. Trans, 
vol 17, pp 37-66, 1888 

Report of the Director of the State Laboratory of Natural History (to 
the Trustees of the University of Illinois), as of June 6, 1887. HI. Lab, 
Nat. Hist, pamphlet, 4 pp., 1888. {See 111. Univ. Rep , vol. 14, p. 48, 
1889) 

1889 

Fifteenth Report of the State Entomologist on the noxious and beneficial 
insects of the State of Illinois, {being the) fourth report of S. A. 
Forbes, for the years 1885 and 1886 111 Dept Agr. Trans, vol. 24, 

<tpp , VI + IIS pp, 4 fig, 1889 {Also issued separately, Apr. 1890.) 
Contents as follows * 

Letter of transmittal (iv) , the entomological record for 1885-86 
(1-6) , arsenical poisons for the codling moth (7-20) ; a second con- 
tribution to a knowledge of the life history of the Hessian fly (21-34) 
[issued separately in advance, 1887] ; on the life history of the wheat 
bulb worm (35-39) ; on an outbreak of injurious locusts in central 
Illinois, by C M. Weed (40-44) j on some common insects injur- 
iously affecting the foliage of young apple trees in the nursery and 
orchard, by C. M. WeEd (45-85). Appendix: the present condition 
and prospects of the chinch-bug m Illinois (89-103) [reprinted from 
111. Ent. Off. Bui , no 2, pp. 27-43, 1887] 

Early occurrence of the chinch-bug in the Mississippi Valley. Insect Life, 
vol. I, p. 249, Feb. 1889. 

An early note on the periodical cicada. Insect Life, vol. i, p 313, Apr 

1889. 

The gram plant louse in Illinois. Ill Crop. Rep Circ. 145, pp 27-28, 
June 1889. 

Arsenical poisons for the plum and peach curculio Insect Life, vol. 2, 
— 1889 

Office and laboratory organization. Insect Lite, ToT. 2, pp7"i^r87, Dec 
1889. 

(Report as professor of zoology and entomology, for 1886-1887.) 111. Univ. 
Rep,, vol. 14, pp, 164-167, 1889. 

Report of the Director of the State Laboratory of Natural History (to 
the Trustees of the University of Illinois), as of Oct. 31, 1888. 111. 
Univ Rep., vol. 14, pp. 185-193, 1889. {Also as pamphlet, 10 pp., 1889.) 
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1890 

Note on the feeding habits of Cematia forceps Raf. Amer Nat , vol. 24, 
pp. 81-82, Jan. 1890 

The American plum borer, Bnsophera semifuneralis Walk. Psyche, vol. 
5 » PP 295-299, 3 fig., Jan 1890 

Sixteenth Report of the State Entomologist on the noxious and beneficial 
insects of the State of Illinois, {being the) fifth report of S A, Forbes, 
for the years 1887 and 1888 111 . Dept Agr Trans , vol 26, app , xiii -f 

104 + 122 + IX pp., 6 graphs, 6 pi , 1890 {Also issued separately, Apr 
1890 ) Contents as follows 

Letter of transmittal (vii) ; general record for 1887 and 1888 (ix- 
xiii) ; studies on the chinch-bug II (1-57) {issued separately in ad- 
vance, 1889; pp, 7 -S 2 reprinted, 1914) ; the corn bill bugs (58-77) ; 
the meadow maggots, or leather-jackets (78-83) , notes on cutworms 
(84-97); the burrowing web-worm (98-101). Appendix economic 
bibliography of the chmch-bug, 1785-1888 (1-122). 

Note on an American species of Phreoryctus Amer. Nat., vol 24, pp 
477-478, May 1890 

The Hessian fly. Ill, Crop. Rep Circ. 149, pp. 32-34, with i pi., June 
1890 {Also, 111 . Agr. Exp Sta Bui 12, pp 377-379, with i pi, Nov. 
1890 ) 

An American terrestrial leech Amer. Nat., vol. 24, pp. 646-649, July 
1890 {Also, 111 Lab. Nat. Hist. Bui, vol. 3, pp. 119-122, Sept. 1890 ) 

On an American earthworm of the family Phreoryctidae. 111 . Lab. Nat. 
Hist BuL, vol. 3 > PP* 107-117, with 3 pl*, Sept 1890. 

New and old insects. 111. Hort Soc. Trans., vol. 23, pp 242-251, 1890 

Synopsis of recent work with arsenical insecticides. III. Hort Soc. Trans., 
vol. 23, pp 310-324, 1890. 

Preliminary report upon the invertebrate animals inhabiting Lakes Geneva 
and Mendota, Wisconsin, with an account of the flsh epidemic in Lake 
Mendota in 1884. U. S Fish Com. Bui., vol. 8, pp. 473-487, with 3 
pi, 1890. 

(Letter to the Board of Direction of the Agricultural Experiment Sta- 
tion, proposing field experiments for protection of crops agam.st injury 
by chinch bugs.) 111 . Univ, Rep., vol 15, pp. 17-18, 1890, 

Biennial Report of the Director of the State Laboratory of Natural His- 
tory (to the Trustees of the University of Tllinoia), foi 1889-1690, 111 . 
Univ. Rep,, vol. IS, pp. 243-24$, 1890. {Also as pamphlet, $ pp., i8oi*) 

1891 

On some Lake Superior entomostraca. U. S. Fish Com. Rep. for 1887- 
1888, pp. 701-718, with 4 pi., 1891. {Advance sheets isstt^ed 1890.) 

A summary hi.story of the corn-root aphis. Insect Life, vol. 3, pp. 233- 
238, Jan. 1891. 
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On the life history of the white grubs Insect Life, vol 3, pp. 239-246, 
Jan i8gi 

The fruit bark beetle 111 Agr. Exp. Sta Bui 15, pp. 469-479, with i pi., 
Feb 1891. {Incorporated in 111 Ent Rep. 17, pp 1-20, 1891 ) 

Partial list of duplicate insects in the collection of the Illinois State Lab- 
oratory of Natural History 111 Lab. Nat. Hist. Circ , 19 pp., May 1891. 

On a bacterial insect disease. N. Amer Practit, pp. 401-405, Sept 1891. 
(Also, Amer Mo Micr. Jour, vol. 12, pp 246-249, Nov. 1891 ) 

The importation of a Hessian-fly parasite from Europe. Insect Life, vol. 
4, pp 179-181, Dec. 1891. 

The fruit bark beetle. 111. Ent Off. Bui , no. 4, pp. 63-81, with i pi , 1891. 

Seventeenth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, (being the) sixth report of S. A. 
Forbes for the years 1889 and 1890. 111. Dept Agr Trans., vol. 28, 
app , XV + 90 + 36 -|- IX pp , 8 pi , date on title-page 1891. (Also issued 
separately, Feb 1892.) Contents as follows: 

Letter of transmittal (vii) , general record for 1889 and 1890 (ix- 
xv) , the fruit bark beetle (1-20) [issued as 111. Agr. Exp. Sta. Bui. 
15, Feb. 1891] , experiments with the arsenical poisons for the plum 
and peach curcuho (21-25) > the American plum borer (26-29) ; on 
the common white grubs (30-53) ; additional notes on the Hessian 
fly (54-63) , a summary history of the corn-root aphis (64-70) ; on a 
bacterial disease of the larger corn-root worm (71-73) ; notes on the 
diseases of the chinch bug (74-87). Appendix* an analytical list of 
the entomological writings of William LeBaron, M D., Second 
State Entomologist of Illinois, compiled with the assistance of C. M. 
Weed, John Martin, Mary J. Snyder, and C. A. Hart. (1-36). 
Index to the seventeenth report (i-ix). 

Horticultural entomology. Ill Hort. Soc. Trans , vol. 24, pp 88-95, 1891 

List of economic species of insects for public schools, with references to 
entomological literature III, Lab. Nat. Hist Circ., 13 pp., 1891. 

The head of the English sparrow. 111. Lab. Nat Hist. Circ , 10 pp., 1891. 

History and status of public school science work in Illinois. In “Educa- 
tional Papers by Illinois Science Teachers,*' vol. i, pp. 6-20, 1891. 

Pedagogical contents of zoology. In “Educational Papers by Illinois 
Science Teachers,” vol. i, pp. 38-48, 1891 

Science in the country school. Interstate Sch. Rev. (Danville, 111.), vol. l, 
pp, 13 ff., 1891 (not seen) 

1892 

Bacteria normal to digestive organs of Hemiptera. Ill Lab. Nat. Hist. 
Bui., vol. 4, PP i-7i Jan, 1892. 

The chinch-bug in Illinois, 1891-92. 111. Agr. Exp. Sta Bui. 19, pp. 44- 
48, Feb. 1892 

Zoology in the public school: choice and arrangement of material. (111.) 
Public Sch, Jour., vol. ii, pp. 319-321, 375-377» 429-43L Mar.-May 1892. 
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The Illinois insectarium. Amer. Nat, vol. 26, pp. 353-354, Apr 1892. 

An all-around microscope. Amer. Mo Micr. Jour , vol 13, pp 91-92, Apr 
1892 

Experiments with chinch-bugs Psyche, vol. 6, p. 250, Apr. 1892. 

Address of first vice-president (Assoc. Econ Ent, Aug 15, 1892, Roch- 
ester, N Y ) on contagious diseases of insects Insect Life, vol. 5, 
pp. 68-76, Nov. 1892. 

(Food habits of the common yellow thnps ) Insect Life, vol. 5, pp 126- 
127, Nov. 1892 

(Letter to James Fletcher, on the Natural History Hall of the University 
of Illinois ) Ottawa Naturalist, vol. 6, pp 133-135, Dec. 1892. 

The fruit-destroying insects of southern Illinois. 111 . Hort. Soc, Trans., 
vol. 25, pp. 116-123, 1892. 

Answers to interrogations (on) horticultural entomology. 111 . Hort Soc. 
Trans , vol 25, pp 258-259, 1892. 

Report of the Illinois State Entomologist concerning operations under the 
Horticultural Inspection Act. U. S. D. A. Off. Exp. Sta Bui. 12, pp. 
1058-1060, 1892 {not seen). 

1893 

A preliminary report on the aquatic invertebrate fauna of the Yellowstone 
National Park, Wyoming, and of the Flathead region of Montana, U. S. 
Fish Com Bui., vol. ii, pp. 207-258, with 6 pi., Apr. 1893. 

(Provisional program for international congress of zoologists in con- 
nection with the Columbian Exposition at Chicago.) Amer. Nat., vol. 
27, PP- 762-763, Aug. 1893. 

Presidential address (Assoc. Econ Ent, Aug. 14, 1893, Madison, Wise.). 
Insect Life, vol. 6, pp 61-70, Dec. 1893. 

Injuries to fruits by twenty-five worst fruit insects. Ill, Hort. Soc. 
Trans., vol. 26, pp 121-134 {see also pp. 199-204, with 25 fig.), 1893. 

Biennial Report of the Director of the State Laboratory of Natural His- 
tory (to the Trustees of the Univer.sity of Illinois), for 1891-1892. 111 . 
Univ. Rep., vol. 16, pp. 284-288, 1893. {Also as pamphlet, 8 pp., 1893.) 

1894 

The chinch-bug in southern Illinois, 1894. 111 . Agr. Exp. Sta. Bui. 33, 
pp. 397-399, June 1894* 

How to fight chinch bugs. Prairie Farmer, vol. 66, no. 31, p, 2, Aug. 4, 
1894. 

The biological station of the University of Illinois, Amer. Nat,, vol. 28, 
pp, 723-724, 1B94* 

A program of practice in horticultural entomology. III. Hort. Soc. Trans., 
vol. 27, pp. 113-118, 1894, 

The chinch bug in 1894. Prospect for 189S. Contagious disease experi- 
ments, etc. Ill, Ent. Off. Bui, no. 5, pp. 83-89, 1894. (A brief statement 
of results published in full as III Agr, Exp. Sta. Bui 38, 1895, and in 
III Ent. Rep. 19, 189SO 
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Damage to food-fish in Wabash River U S S3d Congr, 2d Sess , H R 
Misc. Doc no ig6, pp 2-5, 1894 (Also, U S Fish Com Rep, for 1893- 
1894, pp. 109-112, 1896 ) 

The Aquarium of the United States Fish Commission at the World's 
Columbian Exposition Report of the director. U S. Fish Com. Bui , 
vol. 13, pp 143-158, 1894 

Biennial Report of the Director of the State Laboratory of Natural 
History (to the Trustees of the University of Illinois), for 1893-1894. 
111. Univ Rep, vol 17, pp 304-323, 1894? (Also as pamphlet, 36 pp , 
18 pi., 1894?) 

189s 

Eighteenth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, (being the) seventh report of S. A. 
Forbes, for the years 1891 and 1892. 111. Dept. Agr. Trans., vol. 31, 
app , xi + + xiii pp , 15 pi,, date on title-page 18^4; probably not 

issued until (Also issued separately. Mar 1895.) (2d. ed., x + 

149 + xii pp , 15 pi , 1920 ) Contents as follows 

Letter of transmittal (vi) ; general record for 1891 and 1892 (vii- 
xi) ; a monograph of insect injuries to Indian corn — Part I (3-171), 
and index (i-xiii) [reissued, m part, as 111. Agr Exp. Sta Bui 44, 
May 1896]. 

Experiments with the muscardiiie disease of the chinch-bug, and with the 
trap and barrier method for the destruction of that insect. Ill Agr 
Exp. Sta Bui 38, pp, 25-85, with 7 pi Mar. 1895. (Incorporated in 111 
Ent. Rep, 19, pp 5-176, 1896 ) 

Preliminary note on a contagious insect disease. Science, vol 2, pp 375- 
376, Sept. 20, 1895* 

1896 

Nineteenth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, (being the) eighth report of S. A 
Forbes, for the years 1893 and 1894, 111. Dept. Agr. Trans , vol. 32, 
npp., 206 + 65 + V pp., 13 pi., date on title-page not issued before 
Apr i8g6 (Also issued separately. May 1896.) Contents as follows. 
Letter of transmittal (3) ; experiments for the destruction of 
chinch-bugs as they emerge from fields of small grain at harvest 
[with an analytical list of American articles consulted, 1824-1894] 
(5-176) [issued, m part, as 111. Agr. Exp. Sta. Bui 38, Mar. 1895] ; 
laboratory experiments with chinch-bugs (177-189) ; the white ant in 
Illinois [with a descriptive list of economic articles consulted] (190- 
204). Appendix the Mediterranean flour moth (Sphesiia kuehniella 
Zeller) in Europe and America, by W. G. Johnson (7-^5) • Index 
(i-v), 

Insect injuries to the seed and root of Indian corn. 111. Agr. Exp, Sta., 
Bui 44, pp. 209-296, with 6x fig., May 1896 (Extracted from 111. Ent. 
Rep. 18, pp. 3-171, 1894 ) 
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Progress in economic entomology 111 . Farm. Inst. Rep , vol. i, pp 103-112, 
with portrait, i 80 

Recent progress in horticultural entomology. 111 . Hort Soc Trans., vol 
29 » pp. 137-14S, 1896 

Summer opening of the biological experiment station of the University of 
Illinois 111 . Univ. pamphlet, 24 pp., ii pi., 1896 
Biennial Report of the Director of the State Laboratory of Natural His- 
tory (to the Trustees of the University of Illinois), for 1895-1896, and 
special report of the Biological Experiment Station 111 . Univ Rep., 
vol. 18, pp 298-326, with 20 pi , 1896? (Also as pamphlet, 31 pp , 20 pi,, 
1896?) 

1897 

The San Jose scale m Illinois III. Agr. Exp. Sta. Bui. 48, pp. 413-428, 
with 2 fig., Apr. 1897. (Cf 111 . Hort. Soc. Trans, vol. 30, pp 109-124, 
1897.) (Incorporated in 111 . Ent Rep. 20, pp. 1-25, 1898.) 

Circular notice concerning the San Jose scale and other fruit insects 111. 
Ent Off Circ., 4 pp , July 1897. 

Agricultural methods with farm insects. 111. Farm Inst. Rep., vol. 2, pp. 
22-25, with portrait, 1897. 

Entomological work at the University (of Illinois) 111 . Farm. Inst. 
Rep , vol 2, pp. 28-33, 1897. 

Summer school of field biology and second summer opening of the Uni- 
versity Biological Station' preliminary notice. 111 . Univ. pamphlet, 4 
pp , 1897. 

1898 

Twentieth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, (being the) ninth report of S. A. 
Forbes, for the years 189s and 1896. Ill, Dept. Agr. Trans., vol. 34, 
app,, vi + 112 + xxxii pp., 12 pi, date on the Htlc-page 1S9T: probably 
issued in i 8 g 8 . (Also issued separately. Mar. 1898.) Contents as 
follows : 

Introductory note (v-vi) ; the San Jose scale in Illinois (1-25) 
[issued as III Agr. Exp, Sta, Bui 48, Apr. 1897] ; field observations 
on white grubs (26-34) ; midsummer measures against the chinch- 
bug (35-44) ; a study of the causes of the disappearance of a chinch- 
bug outbreak ( 45 - 74 ) J tbe spontaneous occurrence of white muscar- 
dine among chinch-bugs in 1895 (75-78) ; miscellaneous chinch-bug 
experiments (79-102) ; an entomological train wrecker (103-105) ; 
note on a new disease of the army worm (106-109), Appendix: the 
white pine Chermes, by E. L. Storment (iii-xxvi). 

The method of science. Sch. & Home Educ. (Bloomington, III), vol 18, 
pp. 113-119, Mar. 1898. (Reprinted as pamphlet, 23 pp,, 1898.) 

The season's campaign against the San Jose and other scale insects in 
Illinois, III Hort. Soc. Trans., vol 31, pp, 105-119, 1898, 

State control of injurious insects, III Farm, Inst, Rep., vol 3, pp. 67-71, 


40 



STEPHI^N ALERED EORBES — HOWARD 


Summer school of biology and third summer opening of the Illinois Bi- 
ological Station 111 . Univ pamphlet, 7 pp , 5 fig , 1898 

Biennial Report of the Director of the State Laboratory of Natural His- 
tory (to the Trustees of the University of Illinois), for 1897-1898, 
(including reports on the Biological Station and the Summer School). 
Ill Univ. Rep, vol 19, pp 340-354, 1S98? (Also as pamphlet, 31 pp., 
10 pi , i8g8^) 

1899 

The Museum of Natural History Illini (Univ. Ill ), pp. 396-400, March 
31, 1899 

The San Jose scale 111 . Ent Off Circ. (in poster form), Apr 1899 

Recent work on the San Jose scale in Illinois. Ill Agr. Exp. Sta Bui. 56, 
pp, 241-287, with 4 pi, July 1899. (Incorporated in 111 Ent. Rep. 21, 
pp 1-44, 1900 

Lessons from the year’s work with the San Jose scale. Ill Hort. Soc. 
Trans., vol 32, pp 50-61, 1899, 


1900 

[ — with C. A. Hart ] The economic entomology of the sugar beet 111. 
Agr. Exp Sta Bui. 60, pp. 397-532, with 97 fig. and 9 pi , Aug. 1900. 
(Incorporated %n 111 . Ent. Rep. 21, pp 49-184, 1900) 

The working of the San Jose scale law 111 . Hort Soc. Trans, vol 33, 
pp 150-159, 1900 (Reprinted ztnth new title annual statement of the 
Illinois State Entomologist, to the State Horticultural Society, concern- 
ing operations under the horticultural inspection act (as of Dec. 20, 
1899) 111 Ent. Off. pamphlet, lo pp , 1900 ) 

Twenty-first Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, (beinff the) tenth report of S. A. 
Forbes, iv -|- 184 + xxviii pp., 9 pi , 97 fig , 1900 Contents as follows * 
Introductory note (iv) , recent work on the San Jose scale in 
Illinois (1-44) [issued as 111 . Agr Exp Sta. Bui. 56, July 1899] ; the 
economic entomology of the sugar beet (49-184) [issued as 111 . Agr 
Exp. Sta. Bui. 60, Aug. 1900]. 

Report of the Illinois State Entomologist (to the Governor) concerning 
operations under the horticultural inspection act, (as of Oct. 31, 1900) 
111 , Ent, Off. pamphlet, 30 pp., 1900 (Cf 111 . Hort. Soc Trans., vol. 
34, pp 213-21S, 1901 ) 

1901 

On the principal nursery pest likely to be distributed in trade. 111 . Agr 
Exp. Sta. Circ, 36, 43 pp., 33 fig, July 1901 (Incorporated in 111 . Ent 
Rep. 22, 1903 ) 

Nursery inspection and orchard insecticide work in Illinois U. S D. A. 

Off. Exp. Sta. Bui. 99, pp. 173-1767 1901. 

The crown gall as a nursery pest. Ill Hort. Soc. Trans., vol. 34i pp. 136- 
149, 4 pl., 1901. 
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Annual statement concerning operations under the horticultural inspection 
act 111 Hort Soc. Trans., vol 34, pp 213-215, 1901. 

Insects injurious to corn 111 Farm. Inst Rep, vol 6, pp 80-82, 1901. 

The method of science and the public school N Y Science Teachers’ 
Assoc. Proc. for 1900, pp 768-788, 1901 {Revised reprint, 18 pp. 1901 ) 

Biennial Report of the Director of the State Laboratory of Natural His- 
tory (to the Trustees of the University of Illinois), for 1899-1900 111 

Univ. Rep , vol 21, pp 8-10, 1901 {Also a revised version as pamphlet, 
12 pp , 1901 ) 

1902 

Experiments with insecticides for the San Jose scale 111. Agr. Exp. Sta 
Bui. 71, pp 241-264, April 1902 {Incorporated in 111. Ent. Rep. 22, 
pp 67-90, 1903 ) 

Additional insecticide experiments for the San Jose scale. Ill Agr Exp 
Sta Bui. 72, pp. 265-268, May 1902, {Incorporated in 111. Ent. Rep 22, 
PP Pi-95. 1903.) 

Insecticide experiments for the San Jose scale 111 Agr Exp Sta. Circ 
53, 2 pp , May 1902 {An abstract of 111. Agr Exp. Sta Bui 71 and 72.) 

The corn bill-bugs in Illinois. Ill Agr. Exp. Sta. Bui. 79, pp. 435-461, 
Oct. 1902. {Incorporated in 111, Ent Rep. 22, pp 1-26, 1903.) 

Methods and results of field insecticide work against the San Jose scale 
111 Agr Exp. Sta, Bui 80, pp. 463-502, with 9 pi., Oct. 1902. {Incor- 
porated in 111 Ent Rep. 22, pp. 27-66, 1903 ) 

The canker worm on apple trees and elms. Miss. Vail. Apple Growers' 
Assoc. Proc. for 1901-1902, pp. 38-41, 1902. 

Entomological notes and inspection report for 1901. Ill Hort. Soc, Trans , 
vol. 35, pp. 142-152, 1902. 

Elementary biology in the public school. In “Superintendents’ Round 
Table,” (introductory discussion at DeKalb, Oct. 19, 1901, and synop- 
sis of discussion at Chicago, Dec 13, 1901) separate pamphlet, 20 pp., 
1902, 

1903 

How to make the farm attractive to the educated. Unity, pp. 316-318, 
Jan, 15, 1903. 

The scientific method in high school and college. Sch. Sci., vol. 3, pp. 
53-66, May 1903. 

Notes on the insecticide use of the gasoline blast lamp. 111. Agr, Kxp, Sta. 
Bui, 89> pp. T45-i54» Nov. 1903. 

Twenty-second Report of the State Entomologist on the noxious and 
beneficial insects of the State of Illinois, {being the) eleventh report of 
S. A. Forbes, viii + 149 + xx pp., 9 pi., 33 %., 1903. Contents as 
follows : 

Introductory note (viii); the corn bill-bugs in Illinois (1-26) 
[issued as 111. Agr, Exp, Sta. Bui, 79, Oct. ipoa] ; methods and re- 
sults of field insecticide work agaist the San Jose scale, 1899-1902 
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(27-66) Ussued as 111 Agr. Exp. Sta. Bui. 80, Oct. 1902] , experi- 
ments with lime and sulphur washes for the San Jose scale (67-90) 
{issued as 111 . Agr. Exp. Sta. Bui 71, Apr 1902] ; experiments and 
observations on the use of crude petroleum and pure kerosene for the 
San Jose scale (91-95) [issued as 111 Agr Exp. Sta Bui 72, May 
1902] , experiments with summer washes for the San Jose scale 
(96-97) , on the principal nursery pests likely to be distributed in 
trade (98-138) {issued aj- 111 Agr Exp Sta Circ 36, July 1901] ; the 
canker-worm on shade and forest trees (139-144) ; the Colaspis root- 
worm (145-149). 

Excellencies and defects of existing legislation for the control of insect 
and fungus pests U S, D A., Off Exp Sta Bui 123, pp 122-126, 
1903 

Report of inspection and insecticide operations. Ill Hort. Soc. Trans , 
vol 36, pp 120-121, 1903 

The San Jose and other scale insects 111 . Hort. Soc Trans, vol 36, pp. 
121-126, 1903 

Report of the Illinois State Entomologist (to the Governor) on the hor- 
ticultural inspection law, (as of Feb i, 1903), 111 Ent Off. pamphlet, 
30 pp, 1903 (C*/ III. Hort Soc Trans, vol 35, pp. 142-152, 1902; 

vol 36, pp. 120-121, 1903 ) 

(Report on) Entomology 111 Blue Book for 1903, pp. 474-475, 1903? 

1904 

Directions for the preparation of the Oregon wash. 111 . Hort. Soc Trans , 
vol. 37, pp. 20-21, 1904. 

Report of inspection and insecticide operations. Ill Hort. Soc. Trans , 
vol. 37, PP 229-238, 1904. 

The more important insect injuries to Indian com. 111 . Agr Exp. Sta. 
Bui 95, pp. 329-399, with 38 fig and 5 pi., Nov. 1904, (Incorporated in 
111. Ent. Rep. 23, pp 1-280, 1905.) 

The economic entomology which the farmer should know. 111 . Farm 
Inst Rep , vol 9, pp. 58-65, 1904 (Also with new title: The kind of 
economic entomology which the farmer ought to know. 111 . Ent Off. 
pamphlet, 16 pp., 1904.) 

The teaching of the scientific method. Nat. Educ. Assoc Jour., vol. 43, 
pp, 879-888, 1904 

Report of the Director of the State Laboratory of Natural History (to 
the Trustees of the University of Illinois), as of June 6, 1903. 111 . 
Univ. Rep., vol. 22, pp, 92-93, 1904* 

1905 

Practical treatment of the San Jose scale. 111 . Agr. Exp. Sta Circ 85, 
4 pp., Jan. 1905, 

Illinois River plankton. Science, vol. 21, pp. 233-234, Feb. 10, 1905, 
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Economic and industrial aspects of secondary school biology Sch Sci. 
Math , vol 5 , pp 173-1S3, Mar- 1905. 

[ — with R. E. Richardson.] On a new shovelnose sturgeon from the 
Mississippi River 111 Lab. Nat Hist Bui , vol 7, pp 37 - 44 > with 4 
pi,, May 1905. 

Field experiments and observations on insects injurious to Indian corn. 
Ill Agr. Exp Sta Bui 104, pp 95-152, with 2 fig, Oct 190S {Incor- 
porated m 111 Ent, Rep 24, pp- 1-58, 1908 ) 

(Review of) American Insects, by Vernon L Kellog Sch Sci. Math, 
vol 5, PP 777-778, Dec. 190S 

Plum curculio in the apple orchard • a spraying experiment 111 Hort 
Soc. Trans , vol 38, pp 91-107, with 4 pi , 1905. 

Report of nursery inspection and insecticide operations 111 Hort. Soc. 
Trans, vol 38, pp. 108-114, 1905 

(Conference on) insects injurious to corn 111 . Farm Inst Rep, vol. lO, 
PP 3 S- 55 > with portrait and col pi., 1905. 

The principal insects injurious to the corn plant. 111 . Farm. Inst Rep , 
vol. 10, pp. 220-308, with 69 fig., 1905. {Composed of portions of 111 . 
Ent. Rep. 18 and 23 ) 

Twenty-third Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, {being ike) twelfth report of S. A 
Forbes 273 xxxiii pp , 8 pi , 238 fig , 1905. { 2 d. cd., 280 -f xxxviii 
pp., 1920). Contents as follows. 

Introductory note (viii) ; a monograph of insect injuries to Indian 
corn. Part II The more important insect injuries to Indian corn 
(1-280) as 111 . Agr Exp. Sta. Bui 95, Nov. 1904]. 

Executive report of the Illinois State Entomologist (to the Governor), 
including a report of operations under the horticultural inspection law, 
for 1903-1905 111. Ent, Off. pamphlet, 35 pp., 1905. {Cf. 111 . Hort 

Soc. Trans, vol, 37, pp. 229-238, 1904; vol 38, pp. 108-114, 1905,) 

1906 

Comparative experiments with various insecticides for the San Jose scale, 
111 . Agr, Exp. Sta. Bui. 107, pp. 243-261, Apr. 1906. {Incorporated in 
111 . Ent Rep, 24, pp. 59 - 77 . 1908.) 

Spraying apples for the plum curculio. 111 . Agr. Exp. Sta. Bui. to8, pp. 
265-286, with 3 diagrams and 4 pi., May 1906. {Incorporated in 111 ICnt 
Rep. 24, pp. 78-99, 1908.) 

The corn root-aphis and its attendant ant. U, S. D. A. Bur. Ent. Bui, 
60, pp. 29-39, Sept 1906, 

Report of nursery inspection and insecticide operations. 111. Hort, Soc, 
Trans,, vol. 39, pp. 132-135, 1906. 

Fifty years' progress in the practical control of the insect and fungus 
pests of Illinois horticulture. 111 . Hort. Soc. Trans., vol, 39, pp. 219- 
227, 1906, 

(Report on) Entomology. Ill Blue Book for 1905, pp. 528-529, 1906, 
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1907 

The cottony maple scale in Illinois. Ill Agr. Exp Sta Bui 112, pp 343- 
360, with 8 fig. and 3 pi , Jan 1907 {Incorporated in 111. Ent Rep. 24, 
pp 100-117, 1908.) 

On the local distribution of certain Illinois fishes an essay in statistical 
ecology 111 Lab. Nat Hist Bui., vol. 7, pp. 273-303, with 15 maps 
and 9 pi , April 1907. 

An ornithological cross-section of Illinois in autumn 111. Lab Nat. Hist. 
Bui, vol 7, pp. 305-335 j April 1907. { 2 d ed , pp 305-33^, 1914) 

On the life history, habits, and economic relations of the white-grubs and 
May-beetles 111 Agr. Exp Sta Bui 116, pp 447-480, with i fig, 
Aug 1907 {Incorporated in 111 Ent. Rep. 24, pp. 135-168, 1908 ) 

Report of nursery inspection and orchard insecticide operation. Ill Hort. 
Soc Trans , vol. 40, pp 124-128, 1907. 

Insects in relation to health. Ill Farm Inst Rep , vol. 12, pp 263-270, 
with portrait, 1907 

Executive report of the Illinois State Entomologist (to the Governor), 
including a report of operations under the horticultural inspection law, 
for 1905-1906 111. Ent Off pamphlet, 27 pp, 1907. {Cf. 111. Hort Soc. 
Trans, vol. 39, pp 132-135, 1906, vol 40, pp 124-128, 1907) 

History of the former state natural history societies of Illinois Science, 
vol. 26, pp 892-898, Dec. 27, 1907. {Also III Acad. Sci. Trans , vol. i, 
pp 18-30, 1908,) 

1908 

Practical treatment for the San Jose scale. Ill Ent Off. Circ, 2 pp,, 
Feb, 1908. 

Experiments with repellents against the corn root-aphis Jour. Econ. 
Ent, vol. I, pp 81-83, Apr. 1908. {Abstract of 111 Agr Exp. Sta. BuL 
130, Dec. 1908.) 

Twenty- fourth Report of the State Entomologist on the noxious and 
beneficial insects of the State of Illinois, {being the) thirteenth report 
of S. A. Forbes 168 + xvi pp , 8 fig, ii pi , 1908. Contents as fol- 
lows: 

Introductory note (vi), injury to corn fhe-Jamothir-bnFBugs^ 
(1-7), field (8-29), field experi- 

Traicats for the protection of com against chinch-bug injury (30-58) 
[first pp. issued as 111. Agr, Exp, Sta. Bui 104, Oct 1905] , com- 
parative experiments with various insecticides for the San Jose scale 
(59-77) [issued as 111. Agr. Exp. Sta. Bui 107, Apr. 1906] ; spraying 
apples for the plum-curculio (78-99) [issued as 111 Agr Exp. Sta. 
Bui. ro8, May 1906] ; the cottony maple scale in Illinois (100-117) 
as 111. Agr Exp. Bui. 112, Jan 1907] , the elm twig-girdler 
(118-134) ; on the life history, habits, and economic relations of the 
white-grubs and May-beetles {135-168) Cwiied as 111. Agr Exp, Sta. 
Bui. 1 16, Aug. 1907]. 
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Directions for the preparation and use of the lime and sulphur wash. Ill 
Hort. Soc. Trans, vol. 41, pp 21-22, 1908. (Also, ibid, vol. 42, pp, 
25-27, 1909 , vol. 43, pp 29-30, 1910 ) 

Report of nursery inspection and orchard insecticide operations 111. 
Hort. Soc Trans., vol. 41, pp. 196-201, 1908 

(Abstract of) a statistical study of midsummer birds of Illinois Science, 
vol. 27, pp. 918-920, June 12, 1908 

The midsummer bird life of Illinois : a statistical study. Amer Nat , vol 
42, pp. 505-519, Aug 1908. (Reprinted, 111 Lab Nat. Hist. Bui., vol 9, 
pp. 373-385, Jan. 1913.) 

Experiments with repellents against the corn root-aphis, 1905-1906. 111 . 
Agr. Exp. Sta. Bui 130, pp. 3-28, Dec. 1908. (Incorporated in 111 Ent 
Rep. 25, pp. 1-26, 1909) 

Habits and behavior of the corn-field ant, Lctstus nlger amcricamis. Ill 
Agr. Exp Sta Bui. 131, pp 31-45, with i pi , Dec 1908 (Incorporated 
in III. Ent. Rep 25, pp 27-40, 1909,) 

Reports of the Director of the State Laboratory of Natural History (to 
the Trustees of the University of Illinois), for 1906 and 1907. Ill 
Univ. Rep., vol. 24, pp 29-30, 157-158, 393-394, 1908. 

(Report on) Entomology 111 . Blue Book for 1907, pp. 493-494, 1908. 

1909 

On the general and interior distribution of Illinois fishes. 111 . Lab. Nat. 
Hist Bui., vol. 8, pp 381-437, with iQ2 map.s, Feb. 1909. (Also in “The 
Fishes of Illinois,” 111 . Nat, Hist. Surv, Rep., vol 3, pp. Ixxii-cxxii, 
1909,) 

[ — with R, E. Richardson.] The fishe.s of Illinois. Ill Nat. Hist. Surv. 
Rep., vol, 3, cxxxi + 357 pp., $6 pi., 76 text fig. ; 103 maps in a separate 
atlas; 1909. ( 2 d. ed , with 68 pi., 1920.) 

I — with A. O, Gross,] The economic values of some common Tllmois 
birds. 111 . Supt. Pub, Instr. Circ. 32, “Arbor and Bird Day,"’ pp, 53-74, 
with 20 fig., 1909. 

Aspects of progress in economic entomology. Jour. Econ. Ent., vol, 2, pp. 
35 - 3 S> 1909. ‘ “ ^ ^ - 

Program of cooperative experiments by the farmer and the ehtohlotngtst. 
111 . Ent. Off. Circ., 4 pp , Mar. 1909. 

The general entomological ecology of the Indian corn plant. Amer, Nat., 
vol. 43, pp. 286-301, May 1909. (Reprinted, 111 . Nat, Hist. Surv. Bui., 
vol. i6, pp. 447 - 4 S 7 < Apr. 1927.) 

Report on nursery inspection and orchard insecticide operations. Ill, Hort. 
Soc. Trans,, vol 42, pp. 63-66, 1909. 

Cooperation between the farmer and the entomologist. 111 . Farm, Inst 
Rep., vol. 14, pp, 128-135, 1909. 
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Twenty-fifth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, (hemg the) fourteenth report of 
S A Forbes. 124 + xxiii pp , 35 fig., 3 pi , 1909 Contents as follows : 

Introduction (v-xi) ; experiments with repellents against the corn 
root-aphis, 1905 and 1906 (1-26) [issued as 111 Agr. Exp Sta. Bui 
130, Dec 1908] ; habits and behavior of the corn-field ant, Lasius 
niger americanus (27-40) [issued as 111 Agr. Exp Sta, Bui. 131, Dec 
1908] ; the insect pests of clover and alfalfa, by J. W, Foi^som (41- 
124) [issued as 111 Agr. Exp Sta Bui. 134, Apr 1909] 

Introduction (to) contents and index of the reports of the State Ento- 
mologist of Illinois, XIII-XXIV, 1884-1908, pp 5-7, 1909 

Executive report of the Illinois State Entomologist (to the Governor), in- 
cluding a report of operations under the horticultural inspection law, 
for 1907-1908 111 Ent. Off pamphlet, 21 pp , 1909 {Cf 111 Hort 

Soc, Trans, vol 41, pp 196-201, 1908, vol 42, pp 63-66, 1909) 

The Illinois State Laboratory of Natural History and the Illinois State 
Entomologist’s Office. Ill Acad. Sci Trans , vol. 2, pp 54-67, 1909. 

1910 

Report on nursery inspection and orchard insecticide operations 111. Hort. 
Soc Trans , vol 43, pp. 93-96, 1910 

The Brown-tail and gipsy moths. Ill Hort. Soc. Trans , vol 43, pp 96- 
loi, with 2 pi., 1910. 

Recent work of the entomologist’s office. Ill Farm. Inst Rep., vol. 15, 
pp 140-150, with portrait, 1910 

The Hessian fly m Illinois, 111 Agr. Exp Sta. Circ 146, 4 pp., Sept 1910. 
(.Revised erf , 5 pp , June 1914*) 

(Review) Catalogue of Canadian birds, by John Macoun. Science, vol, 
32, pp. 343-344, Sept. 9, ipio- 

Biological investigations on the Illinois River, 111 Lab Nat. Hist, 
pamphlet, 14 pp., il pi , 1910. Includes. I. The work of the Illinois Bio- 
logical Station (.Ahstractf Science, vol 31, pp 837-83B, May 27, 1910.) 
II The investigation of a river system in the interest of its fisheries 
(Cf Amer. Fish. Soc. Trans , vol. 40, pp. 179-193, with 2 pi , 1911)- _ 

Executive report of the Illinois State Entomologhil 4io-’the--©crvernor7, 
fncluding a report_jiij3perat*mTT-iind^f‘TfiF inspection law, 

ftn'-T^o^TgioTTU. Ent. Off. pamphlet, ii pp., 1910 (Cf. Ill Hort, Soc. 

Trans,, vol 43, pp. 93-96, 1910; vol 44, pp. 90-93, 1911 ) 

Relations of the Illinois Academy of Science to the State 111 Acad Sci. 
Trans., vol. 3, pp. 32-43> 

[ — with others.] Report of committee on an ecological survey (of 
Illinois), 111. Acad. Sci. Trans., vol. 3, pp 51-56, 1910. 

1911 

The chinch bug abroad again in Illinois. 111. Ent Off. Circ , 4 PP , May 
ipiL 
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Household pests and their relation to public health. (Chicago) City 
Club Bui, vol 4, pp. 77-80, May 1911 

Economic entomology (abstract of an address). 111 . Farm Inst Rep, 
vol 16, pp 309-316, 1911 

Report on nursery inspection and orchard insecticide operations 111 
Hort. Soc. Trans, vol 44, pp 90-93, 1911 

Forestry survey of Illinois III Hort. Soc Trans , vol 44, pp 93-96, 
1911 

Some important insects of Illinois shade trees and shrubs. Ill Agr, 
Exp. Sta. Bui 151, pp 463-529, with 67 fig, Oct 1911. {Incorporated 
in 111 Ent Rep. 26, pp 1-67, 1911 ) {Reprinted, 111 . Farm Inst Rep , 
vol 21, pp. 244-294, 1916 ) 

The chinch-bug situation in Illinois fall and winter measures to be taken. 
Ill Agr. Exp Sta, Circ. {without serial number)^ 4 pp, Nov 1911 
{Reprinted, 111 Farm. Inst Rep , vol 17, pp 300-302, 1912.) 

[ — with others] (Report of the) committee on ecological survey (of 
Illinois). Ill Acad Sci. Trans, vol 4, pp 24-27, 1911 

J. A. West • in memoriam III Acad. Sci Trans , vol 4, p 158, 1911 

Twenty-sixth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, {being the) fifteenth report of 
S A. Forbes 160 + xix pp., 133 fig, 1911. Contents as follows’ 

Some important insects of Illinois shade trees and shrubs (1-67) 
[issued as III Agr Exp. Sta. Bui 15 1, Oct. 1911, and reprmted in 
111 Farm Inst. Rep , vol 21, pp. 244-294, 1916] ; miscellaneous eco- 
nomic insects, by Charles A. Hart (68-98) ; on the more important 
insects of the truck-farm and vegetable garden, by J. J. Davis (q9- 
160) [also in III Farm. Inst, Rep., vol 16, pp. 216-263, 1911]. 

Report of the Director of the State Laboratory of Natural History (to 
the Trustees of the University of Illinois), as of June 3, 1909. Ill 
Univ. Rep., vol 25, pp. 200-201, 1911. 

Illinois Biological Station. Internal Rev Hydrobiol, vol 4, pp. 226-227, 
with I pi, 1911. 

1912 

Definite results of survey work on the Illinois River. Amcr. Fish. Soc. 
Trans., vol 41, pp, 73*^,- with 1 map, 1912. (Revised version, with new 
title: Chemical and biological investigations on the Itltriots K+viwr,. mid 
summer of 1911. Ill Lab. Nat. Hist, pamphlet, 9 pp., 1 map, 1912.) 

What is the matter with the elms in Illinois? Ill Agr. Exp, Sta, Bui 154, 
pp. 3-22, with 4 fig. and 6 pi, Feb. 1912. {Incorporated in III Ent Rep. 
27, pp 1-20, 1912 ) 

What should the state require of a negligent owner of a dangerous or- 
chard? Jour. Econ. Ent, vol 5, pp. 205-207, Apr, 1912* {Also, III 
Hort Soc, Trans., vol 45, pp. 77-81, 1912.) 

Report on nursery inspection and orchard insecticide operations. III Hort, 
Soc. Trans., vol 45, pp. 74 - 75 » 
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The chinch-bug situation in Illinois* plans for a cooperative campaign. 
Ill Agr. Exp Sta. Circ, (without serial number), 7 pp , May IQ12 
(Also, 111 Farm. Inst Rep,, vol. 17, pp 302-307, 1912.) 

The 1912 chinch-bug campaign in Illinois 111. Ent. Off. Circ., 17 pp., 8 
fig, Nov 1912. 

The native animal resources of the state. 111 . Acad. Sci. Trans., vol. 5, 

pp. 37-48, 1912 

Twenty-seventh Report of the State Entomologist on the noxious and 
beneficial insects of the State of Illinois, (being th&) sixteenth report 
of S. A. Forbes. 143 + xvii pp, 6 pi., 93 fig, 1912. Contents as fol- 
lows ■ 

What IS the matter with the elms in Illinois ? ( 1-20) [issued as 111 . 
Agr. Exp. Sta. Bui. 154, Feb. 1912] ; on black-flies and buffalo-gnats 
(Simulium) as possible carriers of pellagra in Illinois (21-55) [also 
in 111 Pellagra Com. Rep. for 1911, pp. 176-191, 1912, and also issued 
separately, 1912] , insects injurious to stored grains and their ground 
products, by A A. Giraui<T (56-82) [issued as 111 . Agr. Exp Sta. 
Bui 156, July 1912] ; report on insects injurious to flowering and 
ornamental greenhouse plants m Illinois, by J. J. Davis (83-143). 

Report of the Director of the State Laboratory of Natural History (to 
the Trustees of the University of Illinois), for 1909-1910 111 . Univ 

Rep., vol, 26, pp. 68-70, 1912. 


1913 

The corn root-aphis in Illinois. 111 . Agr Exp Sta Circ. (without 
serial number), 7 pp , Jan. 1913 

The Simulium-pellagra problem in Illinois. Science, vol 37, pp. 86-91, 
Jan. 17, 1913. (Also, Ent. Congr. (Oxford) Trans., vol. 2, pp. 477 - 485 » 

1913.) 

[ — with R. E. Richardson.] Studies on the biology of the upper Illinois 
River. 111 . Lab. Nat. Hist. Bui., vol. 9, pp. 481-574, with 21 pi., June 

1913 

Biological and chemical conditions on the upper Illinois River. 111 . Water 
Sup. Assoc. Proc., vol. 5, pp. 161-170, with i map and 3 diagrams, 1913 
Needed legislation in the interests of horticulture, 111 . Hort. Soc. Trans., 
vol. 46, pp, 49-51, 1913- 

The apple flea-weevil in Illinois. 111 . Hort. Soc. Trans., vol. 46, pp. 53 - 55 , 
1913. 

Executive report of the Illinois State Entomologist (to the Governor), 
including a report of operations under the horticultural inspection law, 
for 191J-1912. Ill, Ent. Off. pamphlet, 24 pp , 1913. (Cf. 111 . Hort. 
Soc. Trans., vol. 45, pp. 74-81, 1912; vol. 46, pp 49-Si, I9i3-) 

Report of the committee on an ecological survey (of Illinois). 111 . Acad. 
Sci, Trans., vol. 6, pp, 18-23, 1913. 

49 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — VOL. XV 


1914 

The chinch-bug situation . present prospects and practical plans. III. Ent. 
Off. Circ., 3 pp., Feb. 1914. 

The chinch-bug in Illinois in 1914 preparations for the summer cam- 
paign, 111 . Ent. Off. Circ., ii pp., 3 pi., Apr. 1914 

Community operation and co-operation against fruit pests III. Hort. Soc 
Trans., vol. 47, pp. 171-176, 1914 

Fresh water fishes and their ecology 111 . Lab, Nat Hist., pamphlet, 19 
pp., 10 pi , 21 maps, 1914 

Report of the Director of the State Laboratory of Natural History (to 
the Trustees of the University of Illinois), for ipil-iQis, 111 Univ 
Rep , vol. 27, pp. ISS-ISQ, 1914. 

[ — with others ] Report of the committee on an ecological survey of the 
state. Ill, Acad, Sci Trans., vol 7, pp i2-x6, 1914 

1915 

Recent Illinois work on the corn root-aphis and the control of its injuries. 
111 . Agr. Exp Sta. Bui. 178, pp 405-466, with 18 fig, Jan. 1915 {Incor- 
porated in III Ent. Rep. 28, pp. 1-62, 1915.) 

Observations and experiments on the San Jose scale III. Agr. Exp, Sta, 
Bui. 180, pp. 545-561, with 3 fig., Mar. 1915. {Incorporated in 111 . Ent 
Rep. 28, pp. 87-106, 191S ) 

The chinch-bug in Illinois in 1915: preparations for the summer cam- 
paign. 111 . Agr Exp Sta. Circ. {tmthout serial number) y 16 pp., i map, 
4 pi , Apr. 191S 

Preliminary note on the life history of the codling-moth m Illinois, 111 , 
Ent. Off. Circ., 15 pp , 6 pi,, May 1915. 

The danger to wheat from the Hessian fly. 111 . Agr. Exp, Sta. Circ. 
{without serial number), l p., Sept. 1915. 

Twenty-eighth Report of the State Entomologist on the noxious and bene- 
ficial insects of the State of Illinois, {being the) seventeenth report of 
S. A. Forbes. 106 + ix pp., 24 fig., 4 pi. 1915 Contents as follows : 

Recent Illinois work on the corn root-aphis and the control of its 
injuries (1-62) [mued as III. Agr. Exp. Sta. Bui. 178, Jan. 1915] ; 
observations and experiments on the San Jose scale (63-79) [i<ssued 
as 111 . Agr. Exp. Sta. Bui. 180, Mar. 1915] ; life history and habits 
of the northern corn root-worm (80-86) ; the San Jose scale, by P. A. 
Glenn (87-106) [issued as 111 , Agr. Sta. Circ. 180, Apr. 1915], 

The ecological foundations of applied entomology. Ann. Ent. Soc. Amer., 
vol. 8, pp, I -19, 1915, 

Insect and fungous pests of the nursery that should be classed as danger- 
ous. Ill Hort. Soc. Trans., vol 48, pp. 153-161, 1 pi, 1915. 

Insect pests and their control III Farm, Inst, Rep.i vol 20, pp. 187-191, 
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The insect, the farmer, the teacher, the citizen, and the state. 111 . Lab, 
Nat Hist pamphlet, 14 pp , 1915. 

Executive report of the Illinois State Entomologist (to the Governor), 
including a report of operations under the horticultural inspection law, 
for 1913-1914, and report of the Director of the State Laboratory of 
Natural History. Ill Ent. Off. pamphlet, 10 pp , 1915 (Cf. 111 . Hort. 
Soc Trans., vol. 47, pp. 178-184, 1914, vol. 48, pp. 67-78, 1915. III. 
Univ. Rep, vol 28, pp 158-159, 1916.) 

Report of the committee on an ecological survey of the state. 111 . Acad. 
Sci Trans., vol 8, pp 15-17, 1915 

1916 

A general survey of the May-beetles (Phyllophaga) of Illinois. 111 . Agr 
Exp Sta. Bui. 186, pp. 215-257, with I map, Feb. 1916. {Incorporated in 
111 Ent Rep. 29, pp. 23-65, 1916 

The influence of trees and crops on injury by white-grubs. 111 . Agr 
Exp Sta. Bui. 187, pp 261-265, Feb. 1916. {Incorporated in 111 . Ent. 
Rep 29, pp. 66-70, 1916 ) 

Obituary • Francis Marion Webster. Journ Econ. Ent, vol. 9, pp. 239-241, 
with portrait, Feb. 1916. 

Thomas Jonathan Burrill (obituary) 111 . Univ. Quart, vol. i, pp 409- 
417, July 1916. 

The chinch-bug outbreak of 1910 to 1915 111 . Agr. Exp. Sta. Circ. 189, 
PP- 3 -S 9 > with 7 fig , Aug 1916 {Incorporated in 111 Ent Rep 29, pp 
71-127, 1916,) 

Report on nursery and orchard inspection. 111 . Hort. Soc Trans., vol. 49, 
pp. 59-66, 1916. 

1 — with P. A. GtENN,] On the life history of the codlmg-moth. Ill Hort. 

Soc. Trans , vol. 49, pp. 170-180, 12 pi., 1916. 

Twenty-ninth Report of the State Entolomologist on the noxious and bene- 
ficial insects of the State of Illinois, {being the) eighteenth report of 
S. A. Forbes 127 + ix pp., 2 diagrams, 6 maps, 12 pi., 1916 Contents 
as follows: 

On the life history of the codling-moth (1-21) ; a general survey 
of the May-beetles (Phyllophaga) of Illinois (23-65) [issued as 111 .. 
Agr. Exp. Sta. Bui. 186, Feb. 1916] ; the influence of trees and crops 
on injury by white-grubs (66-70) [issued as 111 . Agr. Exp. Sta. Bui. 
187, Feb. 1916] ; the chinch-bug outbreak of ipio to 1915 (71-127) 
as 111 . Agr. Exp. Sta. Circ. 189, Aug. 1916], 

Report of the Director of the State Laboratory of Natural History (to the 
Trustees of the University of Illinois), for 1913-1914. 111 . Univ. Rep, 
Vol. 28, pp. 158-159, 1916, { 4 lso app. to 111 . Ent. Exec. Rep. for 1913- 

1914.) 

Report of the committee on an ecological survey of the state. 111 . Acad. 
Sci, Trans., vol. 9, pp. 14-16, 191^. 
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1917 

Entomology in time of war 111 . Ent Off. Circ., 6 pp., 2 pi, 1917. (Re- 
printed from the Chicago Herald for June 3, 19 ^7-) 

Report of the committee on an ecological survey (of Illinois). 111 . Acad 
Sci Trans., vol. 10, pp. 30-34, I 9 i 7 - 

1918 

How to reduce Hessian-fly injury to a minimum 111 , Nat. Hist. Surv. Ent 
Circ. (without serial number), 2 pp, Feb. 1918. 

Report of ecological committee. 111 . Acad Sci. Trans., vol. ii, pp. 15-18, 
1918. 

1919 

[ — ^with R. E. Richardson.] Some recent changes in Illinois River biol- 
ogy. 111 . Nat. Hist. Surv Bui , vol. 13, pp. 139-166, April 1919. 

The danger from house-flies and how to control it. 111 . Nat, Hist Surv. 

Ent. Circ. (without serial number), 4 pp., Nov. 1919. 

Recent forestry survey of Illinois. 111 . Hort. Soc. Trans., vol. 52, pp. 103- 
iio, 1919 

Forest and stream in Illinois 111 . Nat. Hist. Surv. pamphlet, 15 pp., 
1919 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1918). 111 . Adm. Rep., vol. i, pp. 606-608, 1919. 

1920 

Concerning a forestry survey and a forester for Illinois. 111 . Nat. Hist 
Surv. For. Circ. no. i, 7 pp., 2 fig., 1920, 

The life cycle of insects; general discussion. Ann, Ent. Soc. Amer., vol. 
13, PP* 193-201, June 1920. 

The function of economic entomology. 111 . Farm. Inst. Rep., vol. 25, pp. 
55-60, with portrait, 1920. 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1919). Ill Adm. Rep., vol 2, pp. 517-522, 1920, 

1921 

Streams pollution in the Illinois basin. Ill Sportsman, vol 6, no. 10, pp. 
1-2, Mar. 1921. 

[ — ^with A, 0. Gross.] The orchard birds of an Illinois summer. III Nat, 
Hist. Surv, Bui, vol 14» PP* 1-8, with i map and 6 pi, June 1921, 
(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as 
of June 30, 1920) , III Adm. Rep., vol 3, pp. 784-789, 1921. 

1922 

The humanizing of ecology. Ecology, vol 3, pp. 89-92, Apr. 1922. 

[—with A. O. Gross.] The numbers and local distribution in summer of 
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Illinois land birds of the open country 111. Nat. Hist. Surv. BuL, vol. 
14, pp. 187-218, with 36 pi., April ip22 

The State Natural History Survey 111. Blue Book for 1921-1922, pp. 31 1- 
314, 1922 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as 
of June 30, 1921). 111. Adm Rep , vol 4, pp. 804-807, 1922. 

1923 

[ — with A. 0. Gross ] On the numbers and local distribution of Illinois 
land birds of the open country in winter, spring, and fall. 111. Nat. Hist. 
Surv. Bui., vol. 14, pp. 397-453, Oct. 1923. 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1922). Ill Adm. Rep., vol. 5, pp. 909-914, 1923. 

1924 

Introduction (to second report on forest survey of Illinois). 111. Nat. Hist 
Surv Bui , vol. IS, art. 3, p. vii, Aug. 1924 

The State Natural History Survey. 111. Blue Book for 1923-1924, pp. 384- 
387, 1924 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 

'^"June 30, 1923). Ill Adm. Rep, vol. 6, pp. 1036-1039, 1924. 

Sewage pollution of the Illinois River. Outdoor America, vol 3, no. 5, pp, 
35-3^, Dec. 1924. 

1925 

Introduction (to entomological survey bf Salt Fork). 111. Nat. Hist. 
Surv. Bui., vol. 15, p. iii, Oct. 1925 

Introduction (to) contents and index of the reports of the State Entomol- 
ogist of Illinois, xxv-xxix, 1909-1916, p. 5, 1925. 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1924). 111. Adm. Rep., vol 7, pp 1251-1254, 1925. 

1926 

Aeriarmusic in Yellowstone Park Science, vol. 64, pp. iig-120, 4SI-4S2, 
Jhly 30, Nov. Si 1926 

Recent progress in the forestry movement. 111. Blue Book for 1925-1926, 
pp, 468-472, with 2 pL, 1926 

Some dangers of pollution. Outdoor America, vol. s, no. 2, pp. 36-39i 58- 
59, Sept. 1926, {Reprinted under new title The effects of stream pollu- 
tion on fishes and their food. 111. Nat Hist. Surv. pamphlet, 13 pp., 
1928.) 

(Annual report of the) State. Natural History Survey Division (to the 
Director of the State I>epa]rtm^nt of Registration and Education, as of 
June 30, 192s). IU,-A(bP‘ Rep., vol. 8, pp. 956-958, 1926,- ^ 
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1927 

Introduction (to an experimental investigation of the relations of the 
codling moth to weather and climate). 111 . Nat. Hist. Surv Bui., vol. 16, 
pp 3 ii- 3 i 3 » Mar. 1927. 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1926). 111 . Adm. Rep., vol. g, pp 967-972, 1927 


The biological survey of a river system — its objects, methods, and results. 

Ill Nat. Hist. Surv. Bui., vol. 17, pp. 277-284, March 1928. 

Forces line up to battle the corn borer 111 . Jour Com., vol. 10, no. 8, pp 
7, 14, 21, Aug. 1928. 

Foreword (to report on bottom fauna of Illinois River 1913-1925) 111 

Nat. Hist. Surv. Bui., vol. 17, pp. 387-388, Dec. 1928. 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1927). 111 . Adm. Rep, vol, 10, pp. 1161-1167, 1928, 

1929 

Concerning certain ecological methods of the Illinois Natural History 
Survey. 111 . Acad. Sci. Trans,, vol. 31, pp. 19-25, Feb. 1929. 

[—with P. K. Houdek,] State Natural History Survey and the high 
school. Sch. Sci. Math,, vol. 39, pp. 388-390, Apr. 1929. 

What can the Natural History Survey do for the high school? In “Pro- 
ceedings of the High School Conference . . . 1928.’' 111. Univ. Bui., 
vol. 26, no. 17, pp. 41-44, 1929 (Also, 111 , Nat. Hist. Surv, pamphlet, 
7 pp., 1930*) 

Foreword (to report on trees of Illinois). 111 . Nat. Hist. Surv, Bui., vol. 
18, p. 3, June 1929. 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1928). III. Adm, Rep., vol. ii, pp. 1287-1290, 1929, 

1930 

What the Natural History Survey is doing for the high school. 111. Nat. 
Hist. Surv, pamphlet, n pp., 1930, (Alsb in “Proceedings of the High 
School Conference . . . 1929.’' 111 . Univ. Bui., vol. 27, no. 41, pp. 77-82, 
1930.) 

State Natural History Survey. 111 . Blue Book for 1929-1930, pp. 393-404, 
with 5 fig., 1930. 

Forest resources. In "Illinois resources, development, possibilities," pub. 

by 111 , Chamber of Commerce, Chicago, pp. 87-90, 1930. 

(Annual report of the) State Natural History Survey Division (to the 
Director of the State Department of Registration and Education, as of 
June 30, 1929)'. 111 . Adm. Rep., vol, 12, pp. 1040-1047, 1930, 
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ROBERT RIDGWAY 
1850-1929 

BY ALEXANDER WETMORE 

Robert Ridgway, member of the National Academy of 
Science, for many years Curator of Birds in the United States 
National Museum, was born at Mount Carmel, Illinois, on July 2, 
1850. His death came on March 25, 1929, at his home in Olney, 
Illinois ^ 

The ancestry of Robert Ridgway traces back to Richard Ridg- 
way of Wallingford, Berkshire, England, who with his family 
came to America in^January, 1679, a member of William 
Penn’s Colony, to locate at Burlington, New Jersey In a short 
time he removed to Crewcorne, Falls Township, Bucks County, 
Pennsylvania, where he engaged in farming and cattle raising 
David Ridgway, father of Robert, Was born March ii, 1819, in 
Harrisburg, Pennsylvania During his infancy his family re- 
moved for a time to Mansfield, Ohio, later, about 1840, settling 
near Mount Carmel, Illinois, then considered the rising city of 
the west through its prominence as a shipping center on the 
Wabash River. 

Little is known of the maternal ancestry of Robert Ridgway 
except that his mother’s family emigrated from New Jersey to 
Mansfield, Ohio, where R^ert’s mother, Henrietta James Reed, 
was born in 1833, and then removed in 1838 to Calhoun Prairie, 
Wabash County, Illinois. Here David Ridgway was married 
on August 30, 1849. 

Robert Ridgway was the eldest of ten children. For a time 
his father’s business in Mount Carmel prospered, but too gen- 
erous extension of credit, a fire that destroyed his pharmacy, and 
a tornado in 1877 that partially demolished the rebuilt structure, 
brought financial reverses of such extent that, in 1877, he moved 
to a farm at Wheatland, Indiana. Later Robert Ridgway 
through savings from his employment in the Smithsonian In- 

^ An article by Harry Hams, entitled Robert Ridgway, with a Bibliog- 
raphy of his published writings, published in the Condor, Vol. 30, January, 
ipaS, pp. 5-118, with numerous illustrations, has been of great assistance 
in the preparation of the present biography. 
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stitution purchased for his parents a more comfortable home at 
Olney, Illinois, where his father died on January 4, 1885, and his 
mother on December 14, 1886. 

With parents interested m all living things outdoors, and a 
father with particular knowledge of birds for his period, it is not 
surprising that Robert Ridgway was early drawn to the studies 
in natural history that were to become his work in life. At this 
early day with the region only newly opened for settlement wild 
turkeys were found in numbers, the passenger pigeon, now ex- 
tinct, abounded, and game of all kinds was abundant. Robert 
made frequent hunting trips with his father, armed with a muz^^le 
loading shotgun made for him by an indulgent parent from a 
rusted rifle recovered from the sunken wreck of a river steamer, 
and as he grew older made many excursions alone. For ammu- 
nition the boy compounded his own gunpowder in his father’s 
pharmacy The art of taxidermy was unknown in this region, 
and Robert had only colored sketches as means to preserve for 
future examination representations of his birds. Aptitude in 
drawing was developed early, as his first sketches, still preserved, 
were made before he was four years of age His drawing im- 
proved rapidly, and by the time he had reached his 'teens he had 
developed the discriminating eye for hue and form that marked 
his later, more practised work. His colors, like his gunpowder, 
he mixed himself with the resources of his father's pharmacy. 

At this early period Ridgway supposed that no one else could 
be interested m birds. Through a few books — Goldsmith’s *'An- 
imated Nature” with one volume devoted to birds, a History 
of the United States with a few pages on birds, and Goodrich’s 
''The Animal Kingdom Illustrated” purchased for him at some 
sacrifice by his mother — he had learned of the work of Audubon, 
Wilson, Bonaparte and Nuttall, but believed that there were no 
living ornithologists. 

Names for the birds that Ridgway observed and drew were a 
problem that was solved when the mother of one of his boyhood 
friends, Uucien Turner, later well known as a naturalist, sug- 
gested that he write to the Commissioner of Patents in Wash- 
ington sending a drawing whose identity was a subject of discus- 
sion among the boys to see if the name of the bird depicted could 
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be ascertained To this letter there came a reply from Spencer 
Fullerton Baird, then Assistant Secretary of the Smithsonian In- 
stitution, identifying the bird as the purple finch This letter, 
dated June 23, 1864, was the beginning of Ridgway’s contact 
with the Institution that he served so long. In subsequent corre- 
spondence Baird encouraged the young student to draw birds 
and mammals, to keep careful records of his observations, and 
to prepare skins and eggs. The young student showed such ready 
aptitude and progressed so rapidly that in the spring of 1867, 
when but seventeen year^ of age, through Baird he was appointed 
zoologist under Clarence King engaged in the Geological Survey 
of the Fortieth Parallel. After two weeks spent at the Smith- 
sonian in Washington, Ridgway continued to New York where 
he joined the party that he was to accompany for the next two 
years They proceeded by steamer to Panama, crossed the 
Isthmus, and then took boat for San Francisco arriving early in 
June. Field work began at Sacramento and continued east to 
Salt Lake City and the Uinta Mountains. In the fall of 1868 the 
party returned to Washington, and the summer of 1869 saw a 
continuation of this work in the Wasatch and Uinta Mountains. 

On completion of this field experience Ridgway was engaged 
under Professor Baird to prepare the technical descriptions and 
some of the drawings for the great work on the birds of North 
America then under preparation jointly by Baird and Dr. Thomas 
M. Brewer of Boston. In 1874 he was assigned regularly to 
the Smithsonian Institution as ornithologist, and continued in 
that service until his death. Baird at this time becoming more 
and more engrossed in administrative details, assisted Ridgway in 
every way that he might to enable him to devote his attention 
uninterruptedly to the study of birds. With such efficient tutor- 
ing the development of the student was rapid so that immediately 
he was recognized as an authority on his subject. His work 
centered principally on American birds, and eventually led to 
the eight volumes on the Birds of North and Middle America 
published as Bulletin 50 of the U. S. National Museum between 
1901 and 1919, with two more volumes in preparation at the 
time of the author's death The technical information contained 
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in this work is exhaustive in its field and is basic for all similar 
studies of the present day. 

In the early days of Ridgway's first work in Washin^on the 
Secretary of the Smithsonian Institution lived in the Smith- 
sonian building, and a number of the workers, Ridgway among 
them, had living quarters assigned to them in various tower 
rooms. Here the subject of this biography was associated with 
other young naturalists who had connection with the Smithsonian, 
among whom were included W. H. Dali, Theodore N. Gill, 
Henry M. Bannister and Jose Zeledon. Others who worked 
more or less regularly on the collections at this tune included 
Elliott Coues, H. C. Yarrow, C. Hart Merriam, Henry W. 
Henshaw and J. H. Kidder to mention only a few. 

On October 12, 1875, Ridgway married Julia Evelyn Perkins, 
daughter of one of the engravers who had prepared the blocks 
for the illustrations for the History of North American Birds. 
To them was born one son, Audubon Wheelock, on May 1$, 1877. 
This only child was interested like his father in the study of 
birds. Shortly after taking a position as assistant to Charles B. 
Cory, Curator of Zoology in the Field Museum in Chicago, 
Audubon Ridgway contracted pneumonia and died on February 
22, 1901. From this shock Mrs. Ridgway never fully recovered 
and finally broke in health completely in 1921. Her death came 
in 1927, 

Ridgway’s first work in Washington was, as has been indi- 
cated, on an unofficial basis when he was employed by the pub- 
lishers of the History of North American Birds of which he was 
joint author with Baird and Brewer. His official connection 
under the Smithsonian Institution began in 1874. In the annual 
report of the Smithsonian for that year he is listed as **Orni- 
thologist/' In 1875 his name is included as “In Charge of Orni- 
thological Division.’' In 1877 he is indicated as “Assistant, 
Ornithology” and in 1880 as “Curator, Ornithology.” The fol- 
lowing year this is modified to “Curator, Department of Orni- 
thology” and in 1883 to “Curator, Department of Birds.” Per- 
sonnel records of the National Museum indicate him as “Cura- 
tor of Birds” in 1886, which title he held to the time of his death. 


60 



ROBERT RIDGWAY — WETMORE 


Mention has been made of the necessity for the manufacture of 
his own paints for his early drawings of birds from materials 
in his father's drug store. His later work in bird portraiture, 
with his written work in which he prepared detailed descriptions 
of birds in his various accounts of new forms, and other studies, 
brought definitely to his attention the need for a uniform series 
of named colors and the standardization of color names so that 
there might be no uncertainty as to the colors indicated in writ- 
ten terminology. This need found expression in his work on 
the Nomenclature of Colors for Naturalists and Compendium of 
Useful Knowledge for Ornithologists, published by Little, Brown 
and Co , in 1886. This work contained ten plates on which in 
small rectangles there were shown 186 named colors. The value 
of this contribution was at once recognized so that it became 
immediately a standard among naturalists, particularly among 
ornithologists, who with its aid were able to designate definitely 
for the first time the various shades that they used in their 
descriptions. 

With this as a beginning Ridgway continued his studies of 
colojT on a more scientific basis, using in his experiments the 
color wheel and Maxwell disks. With the spectrum colors as a 
base he mixed two or three fixed colors in definite percentages fiy 
which he worked out a series of named colors that could be dupli- 
cated at any time. This procedure was of importance due to the 
fading of plates such as those produced in his first work on cplor 
and the subsequent change in value of the various color tones 
depicted- After prolonged effort extending through a period of 
niany years he produced in 1912 a new and enlarged work e^tled 
Color Standards ^d Color Nomenclature with 53 plates showing 
in small rectangles 1115 named colors. The plates accora- 
partied by tables giving the precise proportions of e^di nfixture 
for each color. This work, published in an edition 5QO0 
coplies iby A. Hoen and Co., of il^altimor^, Maryland, at ppce 
came into general not o^ly among naturalists but also among 
florists, manufacturers of paipts, ohemlcaJa^ pa«pers .and a 
variety 0/ other industries, insure absplute ppifonnity each 
color was iproducpd at pne Ijime jin sufficient quantity for Ihe 
entire tCditiqn, This work ip stifi in demand. 
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When Ridgway first came to Washin^on the scientific activi- 
ties of the Smithsonian Institution were housed in the Smith- 
sonian building, the only permanent structure in the Smithsonian 
park at that time. The bird collection when he first saw it m 
1867 was on the first floor of the east wing, the living quarters of 
the Secretary being directly above. The smaller bird skins were 
kept in pasteboard boxes in tin herbarium cases, and the larger 
ones in glass-topped drawers in walnut cabinets. The offices 
were located in the section that connects the east wing with the 
main hall. Mounted specimens, more or less injured by water 
during the fire of 1865, were exhibited in the main hall. 

About 1869 the collections were transferred to the middle 
room on the second floor of the North Tower adjacent to Pro- 
fessor Baird’s office. Large specimens for which there was no 
room here were stored in cases and chests in the west basement. 
Ridgway had living quarters on the top floor of the south tower. 
About 1875 former storage cabinets were replaced by what 
were known as ‘^Salvin” boxes, with the skins in drawers. Some 
time after 1880 the present system of quarter-unit and half-unit 
cases provided with sliding trays was adopted, giving much 
greater facility in the handling of specimens. The smaller skins 
for a time were in the higher rooms of the South Tower, and then 
were transferred to the southwest gallery of the main hall, where 
they remained until brought into the Natural History Building in 
August, 1909. 

Though with little taste for travel Ridgway made several 
trips for specimens for the Smithsonian. Three of these ex- 
peditions were to Florida. In February, 189s, he went with 
E. J. Brown and William Palmer to the Kissimmee region. In 
1896 he was near Lake Okeechobee where he collected the Caro- 
lina paroquet. The following year he visited Fort Myer, and 
from there went up the Caloosahatchie River to Lake Flirt and 
Lake TraflFord, and on into the Big Cypress where he obtained 
the ivory-billed woodpecker. When the Harriman expedition 
to Alaska was organized in 1899 Ridgway was invited to accom- 
pany the party and on this trip was absent from Washington 
from May 31 to July 30. Though he was successful in obtain- 
ing material for use in his work on North American birds he did 
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not enjoy the journey, confessing that he had little love for the 
North. 

Two trips were made to Costa Rica, the first from December 8, 
1904, to May 27, 1905, and the second from February 7 to May 8, 
1908, both trips being planned to secure material lacking in the 
National Museum for his systematic studies of birds Since 
a brief view in 1867 while en route through Panama to San 
Francisco it had been Ridgway's desire to study the life of a 
Tropical region. Through the assistance of Senor Don Jose C. 
Zeledon and Senor Don Anastasio Alfaro his work was rendered 
most effective, and excellent series of finely prepared specimens 
were obtained that were of great assistance to him in his writing 

The written contributions of Robert Ridgway to science are 
remarkable for the fact that there are among his early papers 
practically none of the amateur writings marking the enthusiasm 
of youthful observation before judgment of values has become 
mature and stable, that are found in the early years of most sim- 
ilar bibliographies. Under the wise counsel of Professor Baird, 
Ridgway on his return from the field for the Wheeler Survey 
embarked at once on the careful studies of birds and their rela- 
tionship to one another, that continued throughout his entire life. 
His bibliography begins in 1869 with a few observations on the 
nesting of the belted kingfisher, and his second title, Notices of 
certain obscurely known species of American Birds, includes a 
critical review of certain thrushes and the grackles and descrip- 
tion of some tanagers. In 1870 he published a classification of 
the North American hawks, a contribution that today contains 
much that is worthy of consideration despite the sixty years that 
have elapsed since its appearance. As has been noted on a pre- 
vious page he was engaged at this time in preparing the technical 
descriptions for the History of North American Birds of which 
the three volumes on the land birds appeared in 1874. In 1877 
there appeared his report on the ornithology of the Wheeler 
Survey, a work of more than three hundred quarto pages, in 
1880 and 1881 his list of the birds of North America, and in 
1884 the two volumes on the water birds of North America 
written in collaboration with Baird and Brewer for which Ridg- 
way furnished the technical descriptions. His Manual of North 
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American Birds, a key to the identification of all known forms, 
appeared in 1887. The works mentioned have been those of 
major importance. Throughout this entire period there ap- 
peared constantly descriptions of new forms, comments on cur- 
rent ornithological questions, brief observations in botany, in 
herpetology, and in other branches of science, as well as longer 
papers dealing with detailed accounts of various collections that 
came to the Smithsonian Institution 

On the formation of the American Ornithologists' Union in 
1883, Ridgway was naturally included among the twenty-three 
founders, and was elected one of the vice-presidents. He was 
also included in the membership of the committee entrusted with 
the task of preparation of an official check-list gf North Ameri- 
can birds. This volume appeared in 1886 after prolonged labor 
by the committee, in which Ridgway, due to his great familiarity 
with the subject, took a most eflfective part The list when it 
appeared embodied what were then the modern ideas of the 
American sdiool in the use of trinomial Latin names to desig- 
nate geographic races, a logical procedure that aroused a storm 
of protest abroad where these forms were given the same bi- 
nomial status as distinct species so that without special knowl- 
edge it was not practicable to distinguish between forms in these 
two categories, There was also included a code of nomenclature 
where definite rules of procedure for the adoption and use of 
scientific names were clearly and concisely set forth. In the pre- 
paration of the list in particular the clear and certain judgment 
and experience of Ridgway had a leading part. It may be re- 
marked that the basic procedure outlined at this time has been 
continued to the present day, foreign workers in ornithology* 
having come gradually to the adoption of American methods as 
regards trinomials, while the code of nomenclature has been 
largely the basis for the preparation of an International Code 
covering scientific names in all branches of zoology. 

Though Ri<^ay -worked to some extent on birds of the Old 
World Ws efforts were centered principally on the avijfawna of 
the Americas, particularly on North America, and -Central 
America north of Panama. Preliminary >ork on a systematic 
catalog of the bird-life of this vast area began sometime after 
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1880, and notes were accumulated steadily until in 1894 Ridg- 
way was directed by G. Brown Goode, then Assistant Secretary 
of the Smithsonian Institution, to make his principal official task 
the preparation of such a report For this he was freed from 
administrative routine as much as possible, the burden of this 
being assumed by Dr. Charles W Richmond who gradually re- 
lieved Ridgway until finally he had his entire time free for re- 
search and writing In a task of this magnitude the ordinary 
official hours of labor from nine a m. to four thirty p m. meant 
little, and Ridgway worked early and late at a seemingly endless 
task. With removal of the bird collections to more commodious 
quarters in the Natural History Building he had at his command 
more spacious office and laboratory rooms, but with the growth 
of the Museum and increased interest in science everywhere he 
found the constant interruptions from friendly visitors more and 
more irksome in the delay that they occasioned in his task, so 
that he did much of his writing at home, coming to the Museum 
only to examine specimens Attachment to the region where he 
had spent his childhood was an outstanding characteristic of the 
man, and in 1916 he removed to Olney, Illinois, where eventually 
he acquired two properties, the first a tract of eighteen acres 
located in the country, which he called Bird Haven, and which 
he developed as a bird sanctuary Mrs. Ridgway’s health was 
such that it was not advisable to live remote from town so that 
he obtained a home m the outskirts of Olney, which he ^caBed 
Larchmound, where he lived until his death, making regular 
visits however to Bird Haven and improving the grounds there 
as opportunity presented. In this seclusion he continued steadily 
at his task of writing, producing the eighth volume of his Birds 
of North and Middle America in 1919. With increasing £^ge it 
became necessary for him to conserve his strength, and it was no 
longer possible for him to work the lopg hours each day that had 
been his custom. In the following years he frequently 
pressed a wi^h to retire, influenced in part by fading eyesight, 
and at one time made definite application for retirement but at 
my own urgent request was prevailed upon to continue. While 
there was realization that in all probability he would not see bis 
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task completed it was highly desirable for the advance of science 
to obtain from him as much as possible of the results of his long 
years of study and observation To this end he continued work 
on the last two volumes of the series, working particularly on the 
diagnoses of genera, families, and other higher groups 

As a worker of the older school Ridgway’s writing was all in 
long hand, prepared carefully, with any corrections and inter- 
lineations required made with meticulous care. His manu- 
scripts were completed in so legible and accurate a condition that 
they were given to the printer without necessity of being type- 
written, being set in type directly from the long hand copy. To 
assist in his work thousands of specimens were measured for 
him by Mr. J. H. Riley and others, and Mr. Riley assisted also in 
compiling references for the synonymies given under each 
species. To Dr. Charles W. Richmond, Ridgway also owed much 
for careful and painstaking aid in the reading of proofs, a tedi- 
ous task in which Dr, Richmond through long training has be- 
come particularly adept, aided especially through his compre- 
hensive and exact knowledge of ornithological literature The 
accuracy of the references in the completed volumes of Bulletin 
50 owe much to this aid. 

As recreation from his literary labors Ridgway chose horticul- 
ture and was particularly expert in his knowledge of trees and 
shrubs. Under his careful tending the grounds at Larchmound 
were landscaped with such skill and understanding that they 
attracted much attention, so much so that Ridgway was solicited 
by others for aid in developing estates. A number of papers 
dealing with the woody plants of his region were published. 

Under such conditions Ridgway lived during the last years of 
his life. The death of Mrs. Ridgway in May 24, 1927, after 
fifty-two years of wedded life naturally affected Ridgway meas- 
urably. A widowed sister, Mrs. Lida R, Palmatier, came from 
California to take charge of Larchmound, and Ridgway con- 
tinued his writing and his interest in the maintenance of his 
favored birds and shrubs until a few hours before his death on 
March 25, 1929, in his seventy-ninth year* 
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The rapidity with which Ridgway advanced from an unknown 
youth to one of the chief authorities on North American birds 
seems at this distant day almost incredible, particularly when it 
is recalled that he had no prolonged period of preliminary train- 
ing but entered at once as a mere boy upon a definite program of 
constructive and serious research His voluminous writings 
form the most important contribution to systematic ornithology 
as regards American birds of his day, as they are the basis of 
much of the work of his colleagues in the same field. As a young 
man he developed under the instruction of Baird the modern 
methods of research that prevail today, and was therefore, a 
pioneer in his field 

Friendly, but unassuming in personality, Ridgway made 
many friends, and was on the most cordial terms with his col- 
leagues. Throughout this quiet popularity he had no desire for 
the public eye and avoided on every* occasion anything that 
might draw to him undue attention. He attended few public 
meetings even of scientific organizations, and though he was 
elected to offices, particularly in the American Ornithologists' 
Union, did not participate in the public sessions. His active 
work for the Union came in the Committee on Classification and 
Nomenclature where, as has been said, his great experience was 
used in the building of the official check-list published in 1886, 
and in the second and third revisions of 1895 and 1910, respec- 
tively- His career as a whole gives definite instance of what may 
be accomplished by constant and persistent effort in one line of 
scientific endeavor. Generous and kind, he was particularly 
helpful to beginners, assisting them by word and act. It was 
natural from the leading place that he played in the ornithologi- 
cal bibliography of his period that Ridgway should be given 
membership in the leading ornithological societies of the world. 
In 1920 he was awarded the Daniel Giraud Elliot Medal of the 
National Academy of Sciences, and in 1921 received the William 
Brewster Medal, He was elected a member of the National 
Academy of Sciences in 1926. He was also the recipient of the 
Walker Grand Prize of the Boston Society of Natural History, 
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amounting to $1000, granted to him in 1913 particularly for his 
work on the birds of North and Middle America, 

The name of Ridgway has been commemorated by his fellow 
workers in ornithology by two genera, twenty-three species, and 
ten sub-species of birds named in his honor There is further 
to be mentioned the establishment of Bird Haven, as a perma- 
nent sanctuary for birds, a project that was much in the mind 
of Robert Ridgway during the last few years o£ his life Origi- 
nally a committee representing the American Ornithologists’ 
Union, the Cooper Ornithological Club, and the Wilson Orni- 
thological Club, undertook to raise an endowment, the inten- 
tion being to secure a trust fund yielding sufficient income so 
that Ridgway might, if he desired, retire and spend his last years 
in peaceful quiet at Bird Haven. His death before this goal 
was reached changed somewhat the scheme. The Women’s 
Clubs of Illinois were interested definitely in this plan which 
has been made possible finally by the interest of Mrs. Frances 
K. Hutchinson, who has acquired adjacent property to add to 
the Bird Haven holdings, and has arranged the necessary addi- 
tional endowment to insure maintenance in perpetuity. The 
sanctuary will stand as a concrete memorial to Ridgway's name 
and to his interest in living birds. 
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abundance of grasshoppers in Kansas, etc., has any connection with the 
decrease in number of game birds in the same districts,] American 
Sportsman, IV, no 16, July 18, 1874, p. 249. 

Story of a Wild Goose. American Sportsman, IV, no 17, July 25, 1874, 
pp 258-259 

An unusually large Wild Goose, American Sportsman, IV, no 18, Au- 
gust I, 1874, p. 274. 

Breeding Ground of White Pelicans at Pyramid Bake, Nevada. American 
Sportsman, IV, no. 19, August 8, 1874, P 289 (cont p 297), figs. 1-3 

Game Birds and Grasshoppers. A Reply to Vix. American Sportsman, 
IV, no. 23, September 5, 1874, p. 356 

[Concerning a strange bird described by a correspondent in a preceding 
number. An editorial titled “The Oregon Bird” quoting a paragraph 
from Baird and Ridgway.] Forest and Stream, III, no. 6, September 

17, 1874, p, 85. 

The Snow Goose, Amer, Nat,, VIII, no. 10, October, 1874, PP- 636 637. 
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List of Birds Observed at Various Localities Contiguous to the Central 
Pacific Railroad, from Sacramento City, California, to Salt Lake 
Valley, Utah. Bull Essex Inst, VI, no lo, October, 1874, pp. 169-174; 
VII, no. I, January, 1875, PP. 10-40 

A Contribution to the “Sparrow War” American Sportsman, V, no ii, 
December 12, 1874, P 161. 

[Concerning the so-called English Sparrow, Passer domesticus An edi- 
torial titled “The English Sparrow” includes matter contributed by R 
Ridgway] Forest and Stream, III, no 20, December 24, 1874, p 309. 

1S75 

Note on Sterna longipennis Nordmann Amer Nat, IX, no i, January, 
1875, pp. 54-55. 

A Heronry in the Wabash Bottoms American Sportsman, V, no 20, 
February 13, 1875, pp 312-313 

Big Trees. American Sportsman, V, February 20, 1875, pp. 321-322; 
February 27, 1875, P 337; March 6, 1875, pp. 353-354; March 13, 1875, 
pp. 369-370. 

Snow Birds and Little Owls American Sportsman, V, no. 25, March 20, 
1875, P. 393 

On Nisus cooperi (Bonaparte), and N. gundlachi (Lawrence). Proc, 
Acad, Nat. Sci. Phila, March 30, 1875, pp, 78-88 

On the Buteonine Subgenus Craxirex Gould. Proc Acad. Nat. Sci. Phila., 
March 30, 187S, pp. 89-119. 

More about the Florida Burrowing Owl. Rod and Gun, VI, no. i, April 
3. 187s, p. 7. 

Notice of a Very Rare Hawk. Rod and Gun, VI, no. 5, May i, 1875, p. 65. 

A Monograph of the Genus Leucosticte, Swainson; or Gray-crowned 
Purple Finches. Bull. U. S. Geol. and Gcog. Surv. Terr., no. 2, second 
series, May ii, 1875, pp. Si -82, 

Outlines of a Natural Arrangement of the Falconidae. [Read before 
the Philosophical Society of Washington, April, 1875.! Bull. U. S. 
Geol and Geog. Surv. Terr., no. 4, second series, June 10, 1875, pp. 1-7, 
pis. 11-18. 

Nesting of the Worm-eating Warbler. Field and Forest, I, no. 2, July, 
1875, pp. I0-X2, 

The Sparrow Hawk or American Kestril Rod and Gun, VT, no. 14, July 
3i 187s, p. 109, 

Description of a New Wren from Eastern Florida. Amer. Nat., IX, no. 
8, August, 187s, pp. 469-470. 

First Impressions of the Bird Fauna of California, and General Remarks 
on Western Ornithology. Scient. Monthly, I, no. 1, October, 1875, pp, 
2-13. 

Our Native Trees. The Tulip Tree— Liriodendron tulipifera. Field and 
Forest, I, no. 7, December, 1875^ pp. 49 -S 3 . 
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Studies of the American Falconidae Monograph of Genus Micrastur. 
Proc Acad Nat Sci Phila , December 28, 1875, PP- 470-502, figs. 1-9. 

1876. 

Second Thoughts on the Genus Micrastur Ibis, 3rd ser , VI, no 21, Jan- 
uary, 1876, pp. 1-5 

The Genus Glaucidium Ibis, 3rd ser, VI, no. 21, January, 1876, pp. 
11-17, pi I. 

Studies of the American Falconidae. Monograph of the Polybori Bull 
U S. Geol and Geog Surv. Terr, no 6, 2nd ser, February 8, 1876, pp. 
45I-473, pis 22-26 

[Letter to Walter Van Fleet giving the writer’s views concerning effect 
of introduction of the House Sparrow, or so-called English Sparrow, 
into the United States ] Watsontown [Pennsylvania] Record, March 

10, 1876 

Studies of the American Falconidae Bull. U S Geol. and Geog. Surv. 

Terr, II, no 2, April i, 1876, pp. 91-182, pis. 30-31. 

Ornithology of Guadeloupe [lege Guadalupe] Island, based on notes and 
collections made by Dr. Edward Palmer Bull U S. Geol. and Geog. 
Surv. Terr , II, no 2, April i, 1876, pp 183-195 
Notes on the Genus Helminthophaga. Ibis, 3rd ser., VI, no. 22, April, 

1876, pp. 166-171 

Regarding Buteo vulgaris in North America Bull Nutt Om Club, I, 
no I, April, 1876, pp 32-39 

Maximum length of the Black Snake. Forest and Stream, VI, no 20, 
June 22, 1876, p 318. 

Giant Pear Trees. Forest and Stream, VI, no 21, June 29, 1876, p 337 
Notes on the Catalpa. Catalpa bignonioides Field and Forest, II, no. 2, 
August, 1876, pp 27-29 

The Black Snake again Forest and Stream, VII, no 2, August 17, 1876, 
p. 20. 

“Sexual, Individual and Geographical Variation” in the Genus Leucos- 
ticte. Field and Forest, II, no. 3, September, 1876, pp 37-43 
On Geographical Variation in Dendroica palmarum. Bull. Nutt Orn. 

Club, I, no 4, November, 1876, pp. 81-87. 

The Little Cypress Swamp of Indiana. Field and Forest, II, no. 6, De- 
cember, 1876, pp 93-9^- 

1877^ 

United States Geological Exploration of the Fortieth Parallel. Clarence 
King, Geologist-in-charge Part III Ornithology [Washington, 
Government Printing Office, 1877] 4to, pp 303-669. 

On Geographical Variation in Turdus migratorius Bull. Nutt. Orn. Club, 

11, no. I, January, 1877, PP 8-9. 

Mrs, Maxwells Colorado Museum Field and Forest, II, no. ii. May, 

1877, PP’ 195-198; no. 3, June, 1877, pp. 208-214. 
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Mrs Maxwell’s Colorado Museum Additional Notes Field and Forest, 
III, no I, July, 1877, p. iL 

The Birds of Guadalupe Island, discussed with reference to the present 
Genesis of Species Bull Nutt Orn Club, II, no 3, July, 1877, pp 
58-66. 

i8r8 

Description of a New Wren from the Tres Marias Islands Bull Nutt. 

Orn. Club, III, no I, January, 1878, pp lo-ii. 

Three Additions to the Avifauna of North America Bull Nutt Orn 
Club, III, no I, January, 1878, pp. 37-38 
Eastward Range of Chondestes grammaca Bull Nutt. Orn Club, III, 
no I, January, 1878, pp 43-44 

Studies of the American Herodiones Part I — A Synopsis of the Amer- 
ican Genera of Ardeidae and Ciconiidae; including descriptions of 
three New Genera and a Monograph of the American Species of the 
Genus Ardea Linnaeus. Bull. U S Geol. and Geog Surv Terr,, IV, 
no I, February S, 1878, pp 219-251, i hg 
On a New Humming Bird (Atthis ellioti) from Guatemala Prnc. U S. 

Nat. Mus., I, March 27, 1878, pp 8-io, 2 figs 
Notes on Some of the Birds of Calaveras County, California, and Adjoin- 
ing Localities Bull, Nutt. Orn, Club, III, no. 2, April, 1878, pp, 

Song Birds of the West Harper’s New Monthly Magazine, L\ L no 
336, May, 1878, pp. 857-880, 19 woodcuts. 

A Review of the American Species of the Genus Scops, Savigiiy, Proc, 
U S Nat Mus., I, fScpt 12], 1878, pp 85-117. 

Notes on Birds Obser\ed at Mount Carmel, Southern Illinois, in the 
Spring of 1878. Bull. Nutt, Oni. Club, HI, no. 4, October, 1K78, pp 
162-166 

Notes on the Ornithology of Southern Texas, being a List of Birds ob- 
served in the Vicinity of Fort Brown, Texas, from Feliruary, 1876, to 
June, 1878. By James C. Merrill, As.sistant Surgeon, U. S, Army. 
(Edited by R. Ridgway.] Proc* U. S. Nat Mu.s„ 1, October 0-24, 1H78. 
PP- 118-173, pis. 1-3. 

Descriptions of several New Species and (»eographical Races of Birds 
Contained in the Collection of the United States National Museum. 
Proc. U. S, Nat. Mus., I, December 10, 1878, pp. 247-252. 

Description of Two New Species of Birds from Costa Rica, and Notes 
on other Rare Species from that Country. Proc. U. S. Nat. Mus., I, 
Deceml:>er 10, 1878, pp. 252-255. 

1879* 

A Partial List of the Birds of Central California. By L. Bekling, of 
Stockton. [Edited by Robert Ridgway.] Proc. U. S. Nat. Mus., I, 
March 25-Apnl 30, 1879, pp. 398-449. 
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Descriptions of New Species and Races of American Birds, including 
Synopsis of the Genus Tyrannus, Cuvier. Proc U. S. Nat Mus., 
April 30-May, 1879, pp 466-486 

[Detter to George Bird Grinnell in which reference is made to the bird 
later described as Seiurus naevius notabilis ] Forest and Stream, XII, 
no 16, May 22, 1879, p. 307 

On the Use of Trinomials in Zoological Nomenclature. Bull Nutt Orn 
Club, IV, no 3, July, 1879, PP 129-134 
On a New Species of Peucaea from Southern Illinois and Central Texas 
Bull Nutt Orn Club, IV, no 4, October, 1879, pp 218-222. 

Note on Helminthophaga gunnii, Gibbs. Bull Nutt. Orn. Club, IV, no 

4, October, 1879, pp 233-234 

Henslow’s Bunting (Coturniculus henslowi) near Washington Bull 
Nutt Orn Club, IV, no 4, October, 1879, p 238 
[Cetter to G. H Ragsdale concerning Peucaea illmoensis.] Temperance 
Vidette (newspaper, Gainesville, Texas), October ii, 1879 
Ueber den Gebrauch der Tnnomina in der zoologischen Nomenclatur. 
(Ubersetzt von Hermann Schalow ) Journal fur Om., XXVII, no. 
148, October, 1879, pp 410-417 

j( 5 <?o. 

On Six Species of Birds new to the Fauna of Illinois, with Notes on other 
Rare Illinois Birds Bull. Nutt. Om Club, V, no i, January, 1880, 
PP 30-32 

On Current Objectionable Names of North American Birds Bull. Nutt 
Orn. Club, V, no i, January, 1880, pp 36-38. 

Note on Peucaea illmoensis Bull Nutt Orn Club, V, no. i, January, 
1880, p 52 

Late Breeding of the Blue Grosbeak Bull. Nutt Orn Club, V, no. i, 
January, 1880, p 53 

Description of an Unusual (?) Plumage of Buteo harlani. Bull. Nutt. 

Orn. Club, V, no. I, January, 1880, pp 58-59. 

Revisions of Nomenclature of certain North American Birds Proc U. 

5. Nat Mus , III, March 27, 1880, pp. 1-16 

Notes on the American Vultures (Sarcorhamphidae), with Special Ref- 
erence to their Generic Nomenclature. Bull Nutt Orn Club, V, no. 2, 
April, 1880, pp, 77-84. 

Description of the Adult Plumage of Hierofalco gyrfalco obsoletus. Bull 
Nutt Orn. Club, V, no. 2, April, i 88 o, pp. 92-95. 

The Northern Waxwing (Ampelis garrulus) in Southern Illinois Bull. 

Nutt Orn. Club, V, no. 2, April, i88o, p, 118. 

[Note concerning the capture of a specimen of the Greenfinch (Ligurinus 
chloris) at Lowville, Lewis County, New York. Refers to a note by 
Romeyn B. Hough entitled “The Greenfinch (Ligurinus phloris) in 
Northern New York “] Bull. Nutt, Orn. Club, V, no. 2, April, 1880, 
P. Ii 9 ‘ 
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On the Supposed Identity of Ardea occidentalis, Aud , and A. wurde- 
manni, Baird Bull Nutt. Orn Club, V, no 2, April, 1880, pp. 123-134. 
On the Moult of the Bill, or Parts of its Covering, in certain Alcidae. 

Bull Nutt Orn. Club, V, no 2, April, 1880, pp. 126-127. 

On Rallus longirostns, Bodd., and its Geographical Races Bull. Nutt. 

Orn Club, V, no 3, July, 1880, pp 138-140 
On Macrorhamphus gnseus (Gmel ) and M scolopaceus (Say). Bull 
Nutt. Orn Club, V, no. 3, July, 1880, pp. 157-160 
On a New Alaskan Sandpiper. Bull Nutt Orn. Club, V, no. 3, July, 
1880, pp. 160-163 

Scops flammeola m Colorado. Bull Nutt. Orn. Club, V, no 3, July, 1880, 
P 185. 

The Little Brown Crane (Grus fraterculus, Cassin). Bull Nutt Orn. 

Club, V, no 3, July, 1880, pp. 187-188 
A Catalogue of the Birds of North America Proc. U S Nat Mus., Ill, 
August 27-September 15, 1880, pp. 163-246. 

Description of the Eggs of the Caspian Tern (Sterna caspia). Bull. Nutt. 

Orn Club, V, no. 4, October, 1880, pp. 221-223. 

Note on Helminthophaga cincinnatiensis, Langdon. Bull Nutt Orn. 

Club, V, no. 4, October, 1880, pp. 237-238. 

Catalogue of Trochilidae m the Collection of the United States National 
Museum. Proc, U. S. Nat. Mus., Ill, October 18, 1880, pp. 308-320. 

i88x. 

Nomenclature of North American Birds Chiefly Contained in the United 
States National Museum Bull. U S. Nat. Mus., no. 21, i88t, 8vo, pp. 
1-94. 

Swainson's Warbler (Helonaea swainsoni) in Texas. Bull. Nutt, Orn. 

Club, VI, no. I, January, 1881, pp. 54-55 
Southern Range of the Raven on the Atlantic Coast of the United States, 
Bull Nutt Orn. Club, VI, no 2, April, 1881, p. 118, 

An Unaccountable Migration of the Red-hcadecl Woodpecker. Bull. 

Nutt Orn Club, VI, no. 2, April, 1881, pp. T20-122. 

The Caspian Tern in California. Bull. Nutt. Orn. Club, VT, no. 2, April, 
1881, p. 124, 

A Hawk New to the United States. Forest and Stream, XVI, no. n, 
April 14, 1881, p, 206. 

On a Duck new to the North American Fauna. Proc. U. S. Nat. Mus, 
IV, April 22, i88r, pp. 22-24. 

On Amazilia yucatanensis (Cabot) and A. cerviniventris. Could. Proc. 

U. S. Nat Mus., IV^ April 22, i88r, pp. !fe5-26. 

A Revised Catalogue of the Birds Ascertained to Occur in Illinois. Illi- 
nois State Lab. of Nat. His., Bull. no. 4, 1881, 8vo, pp. 164-208. 

A Review of the Genus Centurus, Swainson, Proc. U. S. Nat. Mus., IV, 
July 18, 1S81, pp. 93“! ip. 
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List of Species of Middle and South American Birds not contained in the 
United States National Museum. [Corrected to July, 1881-] Proc U- 
S. Nat Mus , IV, August ao-November 25, 1881, pp 165-203. 

On a Tropical Hawk to be added to the North American Fauna. Bull. 
Nutt Orn Club, VI, no 4, October, 1881, pp 207-214 

List of Special Desiderata among North American Birds. Proc U. S. 
Nat. Mus., IV, November 25-December 8, 1881, pp 207-223. 

1882 

On an Apparently New Heron from Florida. Bull. Nutt. Om, Club, VII, 
no I, January, 1882, pp. 1-6 

Notes on some of the Birds Observed near Wheatland, Knox County, 
Indiana, in the Spring of 1881. Bull. Nutt. Orn Club, VII, no. i, Jan- 
uary, 1882, pp. 15-23. 

On the Generic Name Helminth ophaga. Bull. Nutt. Orn Club, VII, no. 
I, January, 1882, pp. 53-54. 

The Great Black-backed Gull (Larus marinus) from a New Locality. 
Bull Nutt Orn. Club, VII, no. i, January, 1882, p. 60. 

Additions to the Catalogue of North American Birds. Bull. Nutt. Orn. 
Club, VII, no I, January, 1882, p 61. 

[Correction of an erroneous identification of Milvulus tyrannus for M. 
forficatus. (Item under the title “Fork-tailed Flycatcher. Correction.'" 
Consists of notes by four authors, one of whom is R Ridgway)], 
Ornith. and Oologist, VI, no 12, February, 1882, p. 93 

Catalogue of Old World Birds in the United States National Museum 
Proc U S. Nat. Mus., IV, March 15-16, 1882, pp 317-333. 

Notes on some Costa Rican Birds. Proc. U. S Nat Mus , IV, March 16, 
1882, pp. 333-337. 

[Description of the adult female of Falco peregrinus pealei (Quoted 
matter from Ridgway, in a paper by J H Gurney, on “Notes on a 
‘Catalogue of the Accipitres in the British Museum" by R. Bowdler 
Sharpe (1874) ”)] Ibis, 4th ser, VI, no 22, April, 1882, pp 297-298, 
footnote. 

Description of a new Fly-catcher and a supposed new Petrel from the 
Sandwich Islands; Proc. U S. Nat. Mus., IV, April 6, 1882, pp. 337- 
338 

Description of a new Owl from Porto Rico. Proc. U, S. Nat Mus , IV, 
April 6-13, 1882, pp 366-371 

Descriptions of two new Thrushes from the United States. Proc. U. S, 
Nat Mus., IV, April 13, 1882, pp. 374-379. 

On two recent additions to the North American Bird Fauna, by L. Beld- 
ing. Proc. U. S. Nat. Mus , IV, May 5, 1882, pp 414-41S. 

Description of Several new Races of American Birds. Proc. U. S. Nat 
Mus., V, June 14, 1^2, pp. 9-15. 
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On the Genera Harporhynchus, CalDaiiis, and Methnopterus, Reichenbach, 
with a Description of a New Genus of Miminse Proc U S Nat. 
Mus., V, June 13, 1882, pp 43-4^ 

Notes on the Native Trees of the Lower Wabash and White River 
Valleys, in Illinois and Indiana Proc U S Nat Mus., V, June 24, 
1882, pp 49-88 

Critical Remarks on the Tree-Creepers (Certhia) of Europe and North 
America Proc U. S Nat Mus, V, July 3-21, 1882, pp. 111-116 

Descriptions of some new North American Birds Proc U S Nat Mus , 
V, September ii, 1882, pp. 343-346 

On a Collection of Birds from the Hacienda “La Palma”, Gulf of Nicoya, 
Costa Rica By C C. Nutting With critical notes by R Ridgway. 
Proc U S. Nat Mus , V, September 16, 1882, pp 382-409. 

Distribution of the Fish Crow (Corvus ossifragus) Bull. Nutt Orn 
Club, VII, no. 4, October, 1882, p. 250 

Birds new to or rare in the District of Columbia Bull, Nutt. Orn. Club, 
VII, no 4, October, 1882, p. 253 

List of Additions to the Catalogue of North American Birds. Bull Nutt 
Orn Club, VII, no 4, October, 1882, pp. 257-258 


On Le Conte’s Bunting (Coturniculus lecontei) and other Birds observed 
in South-eastern Illinois Bull. Nutt. Orn. Club, VIII, no l, January, 
1883, p. 58. 

The Scissor-tail (Milvulus forficatus) at Norfolk, Va, Bull. Nutt, Orn. 
Club, VIII, no. I, January, 1883, p. 59. 

On some Remarkable Points of Relationship between the American King- 
fishers Bull Nutt. Orn. Club, VIII, no. i, January, 1883, PP' 59-fio. 

Geographical Variation in size among certain Anatidae and Gruidae. Hull 
Nutt Orn. Club, VIII, no. i, January, 1883, p, 62. 

Corrections, Ornithologist and Oologist, VIII, no 2, February, 1883, 
p. 13. 

Catalogue of a Collection of Birds made in the Interior of Cu.sta Rica by 
Mr C. C. Nutting. Proc. U. S. Nat Mus,, V, March s, 1883, pp. 493- 
502. 

Description of a new Warbler from the Island of Santa Lucia, West 
Indies. Proc. U. S, Nat. Mus., V, April 3, 1883, pp, 525-526, 

Description of a supposed new Plover, from Chili. Proc. U. B. Nat. 
Mus., V, April 3, 1883, pp. 5 ^- 527 - 

Catalogue of a Collection of Birds made at Various Points along the 
Western Coast of Lower California, north of Cape St. Eugenio. By 
L. Belding. Edited by R. Ridgway. Proc. U. S. Nat. Mus., V, April 
3, 1883, pp. 
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Catalogue of a Collection of Birds made near the Southern Extremity oi 
the Peninsula of Lower California By L. Belding Edited by R Ridg- 
way Proc U S Nat Mus , V, April 3, 1883, pp 532-550. 

On the Genus Tantalus Lmn , and its Allies Proc. U S Nat Mus., V, 
April 3, 1883, pp 550-561 

Catalogue of the Aquatic and Fish-eating Birds Exhibited by the United 
States National Museum [at the International Fisheries Exhibition, 
London, 1883] Bull. U. S Nat Mus no 27, 1884 [May, 1883], pp 

139-184 

Description of a New Petrel from Alaska Proc US Nat Mus., V, 
May 29, 1883, pp 656-658 

[Letter to Dr George Vasey, Botanist of the U S Department of Agri- 
culture, inquiring whether there is any foundation for the somewhat 
prevalent popular belief that wheat will, under certain circumstances, 
turn into cheat, and Dr, Vasey's reply to the same ] Olney [Illinois] 
Republican [newspaper], July 4, 1883 

Descriptions of some Birds, Supposed to be Undescribed, from the Com- 
mander Islands and Petropaulovski, collected by Dr Leonhard Stej- 
neger, U S Signal Service. Proc. U S. Nat Mus , VI, August 2, 
1883, pp 90-96 

Notes on the Black Racer. Forest and Stream, XXI, no. 4, August 23, 
1883, p 63 

The Sparrow Controversy. Some Interesting Facts bearing upon the 
Question Evening Star (daily newspaper, Washington, D. C ), Sep- 
tember 8, 1883, p. 2 

The Sparrow again. Evening Star (Washington, D. C ), Sept. 15, 1883, 
P 2. 

On the probable identity of Motacilla ocularis Swinhoe and M amurensis 
Seebohm, with remarks on an allied Supposed Species, M blakistom 
Seebohm. Proc U S Nat. Mus., VI, October 5, 1883, pp 144-147. 

Notes upon some Rare Species of Neotropical Birds Ibis, 5th set., I, 
no, 4, October, 1883, pp. 399-401- 

[Letter to the editors concerning the U. S National Museum exhibit of 
aquatic and fish-eating birds at the London International Fisheries Ex- 
hibition.] Ibis, 5th ser , I, no. 4, October, 1883, pp 578-580. 

Descriptions of some New Birds from Lower California, Collected by L. 
Belding Proc U. S. Nat. Mus., VI, October ii, 1883, pp. 154-156. 

Anthus cervmus (Pallas) in Lower California. Proc U S. Nat Mus., 
VI, October 11, 1883, pp. is 6 -i 57 

Note on Merula confinis (Baird) Proc. U. S, Nat. Mus., VI, October 
II, 1883, pp, 158-159. 

^*And Finally, Bretheren”. The English Sparrow Question Again. Eve- 
ning Star (daily newspaper, Washington, D C,), October 20, 1883, p, 2, 
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Additions and Corrections to the List of Native Trees of the Lower 
Wabash. Botanical Gazette, VIII, no 12, December, 1883, pp. 345-352 

1884, 

[Report on the] Department of Birds [U. S National Museum] Ann. 

Rep Smithsonian Institution for 1882, 1884, pp. 132-135 
Note on Zenaidura yucatanensis Lawr. Auk, I, no. i, January, 1884, p 96 
On a new Carpodectes from South-western Costa Rica Ibis, 5th ser , II, 
no. s, January, 1884, pp. 27-28, pi. 2. 

Notes on three Guatemalan Birds Ibis, 5th ser, II, no, 5, January, 1884, 
PP- 43-45. 

List of Birds found at Guaymas, Sonora, in December, 1882, and April, 

1883. By L Belding [Edited by R. Ridgway.] Proc. U, S Nat 
Mus., VI, January 9, 1884, Pp. 343-344- 

Second Catalogue of a Collection of Birds made near the Southern Ex- 
tremity of Lower California. By L. Belding. [Edited by R. Ridgway]. 
Proc U S. Nat Mus , VI , January 9, 1884, pp. 344-352. 

Notes on Some Japanese Birds related to North American Species. Proc. 

U. S. Nat. Mus , VI, January i8- April 23, 1884, PP- 368-3^1. 

Ortyx virgmianus not in Arizona, Forest and Stream, XXII, no. 7, 
March 13, 1884, p. 124. 

[Remarks concerning Phalacrocorax violaceus and P. v. resplendensj 
Auk, I, no. 2, April, 1884, p 165. 

[Remarks concerning two Central American species of birds commonly 
referred to the genus Compsothlypis Cabanis.] Auk, I, no. 2, April, 

1884, p. 169. 

Descriptions of some dew North American Birds, Proc. Biol Soc. Wash,, 
II, 1885 (author’s edition published April 10, 1884), PP- 89-95. 
Description of a new American Kingfisher. Proc. Biol. Soc. Wash,, II, 
1885 (author’s edition published April 10, 1884), pp. 95-96. 

Note on Psaltriparus grindae, Belding Proc. Biol Soc. Wash., IT, 
1885 (author’s edition published April 10, 1884), p. 96, 

Note on the generic name Calodromas. Proc. Biol Soc, Wash., 11 , 1885, 
(author’s edition published April 10, 1884), p. 97. 

Southern Limit of Quail and Grouse. Forest and Stream, XXII, no. 
13, April 24, 1884, p. 243^ 

On a Collection of Birds from Nicaragua. By Charles C. Nutting. 
Edited by R. Ridgway. Proc, U. S. Nat. Mus., VI, April 23-26, 1884, 
pp. 372-410. 

On some Costa Rican Birds, with Descriptions of Several Supposed 
New Species. Proc. U. S. Nat Mus., VI, April 26, 1884, PP< 4*0-415. 
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The Water Birds of North America By S. F. Baird, T. M. Brewer, 
and R. Ridgway Issued in Continuation of the Publications of the 
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Is the Dodo an Extinct Bird^ Science, VII, no i6d, February 26, 1886, 
P 190 

[Letter to Dr B H Warren giving by request the writer’s views con- 
cerning the food-habits of Hawks and Owls with particular reference 
to the question as to whether these birds should or should not be pro- 
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Description of a New Species of the Genus Empidonax from Guatemala 
Ibis, 5th ser , IV, np 16, October, i886, pp. 459-460 
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Report on the Department of Birds in the U. S. National Museum, for 
1888. Ann Rep. Smithsonian Institution (Report of the U. S. Na- 
tional Museum) for 1888 (1890), pp. 145-150. 
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tional Museum) for 1888-89 (1891), pp 357-361. 

Report on the Department of Birds in the U S National Museum, 1890. 
Ann. Rep. Smithsonian Institution (Report of the U. S. National 
Museum) for 1889-90 (1891), pp. 195-198. 

JS92. 

Transplanting the Trailing Arbutus. Garden and Forest, V, no. 218, 
April 27, 1892, p. 202. 

Zonotrichia albicollis ift California Auk, IX, no. 3, July, 1892, p. 302, 
Spring Arrivals at Washington, D. C. Auk, IX, no. 3, July, 1892, pp. 
307-308. 

The Humming Birds. Report of the U. S. National Museum for iBfio 
(published July, 1892], pp. 253-383, pis. 1-46. 

(Reissued as a separate publication with following title-page: Smith- 
sonian Institution. United States National Museum. The Humming 
Birds By Robert Ridgway, Curator, Department of Birds. From 
the Report of the National Museum for 1890, pages 253-3B3 (with 
Plates I-XLVI), 1892.) 

Descriptions of Two New Forms of Basileuteras rufifrons, from Mex- 
ico. Proc, U, S, Nat. Mus., XV, no. 895, July 18, 1892, p. 119. 

The Systematic Position of Humming-Birds: Reply to Dr, Shufeldt*s 
“Discussion.” Popular Science News* XXVI, no. n, November, 
1892, pp. 164-165. 
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Shufeldt on the Anatomy of the Humming-Birds and Swifts. American 
Naturalist, XXVI, no 313, December, 1892, pp 1040-1041. 

Nocturnal Songsters, and other Bird-Notes Science, XX, no 515, 
December 16, 1892, pp 343-344 

Report on the Department of Birds in the U S National Museum, 1891, 
Ann Rep Smithsonian Institution (Report of the U S National 
Museum) for 1890-91 (1892), pp 207-211. 

1S93 

Destruction of Crows during the Recent Cold Spell. Science, XXI, no. 
523, February 10, 1893, P 77 

On the Local Segregation of Trees Garden and Forest, VI, no 266, 
March 29, 1893, pp. 148-149 

The American Plane Tree. Meehan’s Monthly, III, no. 5, May, 1893, 
pp 69-70 (illustration). 

Description of Two Supposed New Species of Swifts. Proc U. S. 
Nat Mus , XVI, no 923, June 13, 1893, pp 43-44 

Age of Guano Deposits. Science, XXI, no 543, June 30, 1893, p. 360. 

Description of a Supposed New Species of Odontophorus from Southern 
Mexico Proc U S Nat. Mus , XVI, no. 945, July 21, 1893, pp 
469-470. 

[Remarks concerning the type specimen of Malacoptila fuligmosa Ridg- 
way, MS , described on pp S 12-513 of the same paper by Charles W. 
Richmond] Proc U S. Nat Mus, XVI, no. 947, October 4, 1893, 
p. S13. 

Descriptions of Some New Birds Collected on the Islands of Aldabra 
and Assumption, Northwest of Madagascar, by Dr. W. L. Abbott. 
Proc, U. S. Nat Mus , XVI, no. 953, October 25 [advance sheets, un- 
paged, published August 16, 1893], 1893, pp. 597-600. 

Remarks on the Avian Genus Myiarchus, with Special Reference to M. 
yucatanensis Lawrence. Prgc U. S. Nat. Mus., XVI, no. 955, October 
25, 1893, pp 60S-608. 

On a small Collection of Birds from Costa Rica. Proc. U. S Nat. Mus , 
XVI, no. 956, October 26, 1893, pp. 609-614. 

Scientific Results of Explorations by the U. S Fish Commission Steamer 
Albatross. [Published by permission of Hon. Marshall McDonald, 
Commissioner of Fisheries ] No. XXVII — Catalogue of a Collection 
of Birds made in Alaska by Mr. C. H Townsend during the Cruise of 
the U. S Fish Commission Steamer Albatross, in the Summer and 
Autumn of 1888 Proc U. S, Nat. Mus., XVI, no. 960, November 24, 
1893, pp. 663-665. 

A Revision of the Genus Formicarius Boddaert. Proc U S Nat. Mus , 
XVI, no. 961, November 28 [December 7], 1893, PP 667-686. 

Description of a New Storm Petrel from the Coast of Western Mexico. 
Proc. U, S. Nat. Mus , XVI, no 962, November 24, 1893, pp 687-688. 
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Report on the Department of Birds in the U S. National Museum, 1892 
Ann. Rep. Smithsonian Institution (Report of the U. S National 
Museum) for 1891-92 (1893), pp 147-IS2 

j894- 

Alienas Notice of some Venezuelan Birds, Collected by Mrs H. H. Smith 
Auk, XI, no. I, Jan , 1894, P 66 

Allen’s List of Birds Collected in Northeastern Sonora and Northwestern 
Chihuahua. Auk, XI, no i, Jan., 1894, pp. 66-67. 

Chapman’s Notes on Birds observed near Trinidad, Cuba Auk, XI, no 
I, Jan, 1894, P 67. 

Note on Rougetius aldabranus Auk, XI, no. i, January, 1894, p 74 
Description of a New Geothlypis from Brownsville, Texas Proc. U. S. 

Nat. Mus., XVI, no 964, February 5, 1894, pp. 691-692. 

On Geographical Variation 111 Sialia mexicana Swainson Auk, XI, no. 2, 
April, 1894, pp. 145-160 

[Description of Pipilo orizabae Cox.] Auk, XI, no. 2, April, 1894, p. 161, 
Chapman on the Birds of the Island of Trinidad. Auk, XI, no 2, April, 
1894, P 173 

Picicorvus an Untenable Genus Auk, XI, no. 2, April, 1894, p. 179, 
Geographical, versus Sexual, Variation in Oreortyx pictus. Auk, XI, no. 
3, July, 1894, pp 193-197, pl. VI. 

Nester und Lier der Kohbris [Trans, by Oscar Haase]. Zeitschr. fiir 
Oologie, IV, no. 6, Sept. 15, 1894, pp. 23-24, 

Colinus virginianus cubanensis not a Florida Bird. Auk, XI, no. 4, Oc- 
tober, 1894, P- 324 

We, also, Take Exceptions. Nidologist, II, no. 2, October, 1894, p. 29. 
Descriptions of Twenty-two New Species of Birds from the Galapagos 
Islands. Proc U. S Nat Mus, XVII, no. 1007, November 15, 1894, 
PP* 357-370. 

Descriptions of Some New Birds from Aldabra, Assumption, and Glori- 
osa Islands, Collected by Dr. W. L. Abbott. Proc. U. S. Nat, Mus., 
XVII, no. 1008, November 15, 1894, pp. 371-373. 

The Ornithology of Illinois. Part I, Descriptive Catalogue, By Robert 
Ridgway. Volume 11 . Part I. i89S» 4to, pp. [1-2] -282, pll. I-XXXII. 
Additional Notes on the Trees of the Lower Wabash Valley. Proc. 

U. S. Nat. Mus., XVII, no. loio, January 24, 1895, pp. 409-421, pis. 
X-XV (reproduced photographs). 

[Letter to Editor concerning nearly total annihilation of Sluebirds in the 
District of Columbia by the blizzard of February 7-9, 1895,] Christian 
Register, LXXIV, no. 19, May 9, 1895, p. 301. 

Klugheit der KoHbris. [Trans, by Oscar Haase]. Zeitschr. fiir Oologie, 

V, no. 5, August rs» iBpS* P* 
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On Fisher’s Petrel (Aestrelata fisheri) Auk, XII, no 4, October, 1895, 
PP 319-322, pi. IV 

On the Correct Subspecific Names of the Texan and Mexican Screech 
Owls. Auk, XII, no. 4, October, 1895, pp. 389-390. 

Junco ph^onotus Wagler, not J cmereus (Swainson) Auk, XII, no 4, 
October, 1895, P 39i 

Nesting of the Duck Hawk in Trees Nidologist, III, nos 4-5, De- 
cember, 1895, PP 42-443 I pi (full-page cut of nesting-site) 

A Manual of North American Birds, Illustrated by 464 Outline Draw- 
ings of the Generic Characters Second Edition, 1896. Royal 8vo, pp. 
[i]-xiii, 1-653, pis I-CXXIII (Frontispiece, portrait of Spencer F. 
Baird.) (Second edition, revised, with new preface and appendix; pub- 
lished March 7, 1896 ) 

Description of a New Species of Ground Warbler from Eastern Mexico 
Proc U. S Nat Mus , XVIII, no 1045, April 16, 1896, pp 119-120. 

Preliminary Descriptions of Some New Birds from the Galapagos Archi- 
pelago. Proc. U. S. Nat. Mus , XVIII, no. 1067, April 23, 1896, pp. 
293-294 

[Tetter to the editor and publisher of The Nidologist concerning his con- 
templated return to California ] Nidologist, III, no 9, May, 1896, 
P- 99 

Description of a New Subspecies of the Genus Peucedramus, Coues Proc 
U. S. Nat. Mus , XVIII, no. 1074, May 21, 1896, p. 441 

Characters of a New American Family of Passerine Birds Proc. U S 
Nat Mus , XVIII, no 1076, June 24, 1896, pp. 449-450. 

On Birds Collected by Doctor W. L Abbott in the Seychelles, Amirantes, 
Gloriosa, Assumption, Aldabra, and Adjacent Islands With Notes on 
Habits, etc , by the Collector. Proc. U S. Nat. Mus , XVIII, no. 1079, 
June 24, 1896, pp 509-546 

Have we Two Native Species of Trumpet Flower? Garden and Forest, 
IX, no. 455, November ii, i8g6, pp. 453-454 

[Description of Oceanodroma macrodactyla (Bryant).] Cat. Birds Brit. 
Mus, XXV, 1896, p. 351 

[Description of Oceanodroma socorroensis Townsend.] Cat. Birds Brit 
Mus., XXV, 1896, p. 352, 

[Description of Oceanodroma tristrami Stej'neger, MS ] Cat Birds Brit. 
Mus., XXV, 1896, pp. 354-355. 

[Results of comparison of a specimen of Aestrelata affinis (Buller) with 
the types of Ae. gulans (Peale) and Ae. fisheri Ridgway.] Cat. 
Birds Brit, Mus., XXV, 1896, p. 4^5 

[Comparative characters of Aestrelata fisheri Ridgway and Ae. gularis 
(Peale).] Cat, Birds Brit Mus., XXV, 1896, pp. 415-416. 

[Description of Aestrelata longirostris Stejneger.] Cat. Birds Brit 
Mus , XXV, 1896, p, 418. 
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[Letter ta Dr G Brown Goode concerning; the writer’s opinion of the 
services to ornithology of the eminent English ornithologist, Dr Philip 
Lutley Sclater ] Bull Nat. Mus , no 49 [The Published Writings of 
Philip Lutley Sclater, 1844-1896 Prepared under the Direction of G. 
Brown Goode ] 1896, pp xviii-xix. 

[List of private collections of birds, containing more than 1000 specimens, 
which have been presented at various times to the U S. National 
Museum] Rep U. S Nat Mus for 1893-94 (1896), pp 48-49. 

1897, 

Melopelia leucoptera in Osceola County, Florida Auk, XIV, no. i, Janu- 
ary, 1897, pp 88-89. 

Note on Junco annectens Baird and J ridgwayi Mearns. Auk, XIV, no 
I, January, 1897, p. 94 

Correct Nomenclature of the Texas Cardinal. Auk, XIV, no i, January, 
1897, P. 95 

Dendroica caerulea vs Dendroica rara. Auk, XIV, no. i, January, 1897, 
P- 97. 

Birds of the Galapagos Archipelago. Proc U. S. Nat. Mus , XIX, no. 
in6, March 15, 1897, PP 459-^70 

Where Junco Roosts. Bull. no. 14, Wilson Orn Chapt. Agassiz Assn. 

(General Notes), o.s IX, n,s. IV, no. 3, May 31, 1897, pp. 25-26. 
Description of the Nest and Eggs of Bachman’s Warbler (Helmintho- 
phila bachmanii). Auk, XIV, no. 3, July, 1897, pp. 309-310. 

An Earlier Name for Ammodramus leconteii. Auk, XIV, no. 3, July, 

1897, p. 320. 

On the Status of Lanius robustus Baird as a North American Bird. 

Auk, XIV, no. 3, July, 1897, P* 323- 
Chapman's “Bird Life." Auk, XIV, no. 3, July, 1897, pp. 336-33^^- 
[Remarks concerning Megascops pinosus Nelson and Palmer.] Biol. 

Centr.-Amer., Aves, III, November, 1897, p. 17 * footnote. 

[Article on color of fruits of Cissus ampelofsis (= Ampelofsis cordata) 
and C stan.s (i=A. arborea). Garden and Forest, X, no. 512, De- 
cember 15, 1897, p. 498. 

An Amateur’s Experiment Garden and Fore.st, X, no. 513, December 22, 

1897, PP- 504-507. 

1898. 

Birds of the Galapagos Islands. Amer. Nat., XXXII, no. 377, May, 

1898, pp. 386-389. 

[Note on Polypodium polypodoides as observed in southern Florida,! 

The Plant World, I, no. 9, June, 1898, p, 137. 

Descriptions of Supposed New Genera, Species, and Subspecies of Ameri- 
can Birds. L Fringillidae, Auk, XV, no. 3, July (author’s edition is- 
sued May 13), 1898, pp. 223-230, 


94 



ROBERT RIDGWAY — WETMORE 


New Species, Etc, of American Birds — II. Fringillidae (continued). 

Auk, XV, no. 4, October, 1898, pp. 319-324 
Description of a New Species of Humming-bird from Arizona Auk, 
XV, no 4, October, 1898, pp. 325-326 
Hemithraupis — A Correction Auk, XV, no. 4, October, 1898, pp 330- 

331. 

The Home of the Ivory-bill. Osprey, III, no. 3, November, 1898, pp 35- 
36, 3 illus (reproduced photographs) 

jSpp. 

New Species, Etc, of American Birds — III Fringillidae (continued) 
Auk, XVI, no. I, January, 1899, pp 35-37* 

On the Genus Astragalinus Cabams. Auk, XVI, no. i, January, 1899, PP 
79-80. 

On the Generic Name Aimophila versus Peucaea Auk, XVI, no. i, 
January, 1899, pp. 80-81 

A Fraud — Look Out for Him! Osprey, III, no 6, February, 1899, p. 94. 
New Species, Etc , of American Birds. — IV Fringillidae (concluded) ; 
Corvidae (Part) Auk, XVI, no. 3, July, 1899, pp. 254-256. 

ipoo 

A Manual of North American Birds Illustrated by 464 Outline Draw- 
ings of the Generic Characters Fourth Edition, 1900 Royal 8vo, 
pp. [1-11] — xiii, 1-653, pll I-CXXIV, frontispiece (portrait of Spencer 
F. Baird). 

(A second reprint of the Second Edition with no changes or additions.) 
New Species, Etc, of American Birds — V Corvidae (concluded). 

Auk, XVII, no I, January, 1900, pp 27-29. 

New Species, Etc, of American Birds. — VI. Fringillidae (Supplement), 
Auk, XVII, no I, January, 1900, pp 29-30, 

Concerning the Use of Scientific Names Condor, II, no. 2, March (pub- 
lished April), 1900, p. 41. 

Song Birds of Europe and America Bird-Lore, II, no. 3, June, 1900, 

pp. 69-75* 

[Description of Buteo borealis socorroensis ] Biol. Centr-Amer., Aves, 
III, November, 1900, p. 64 

ipoi. 

New Birds of the Families Tanagndae and Icteridae. Proc Wash. Acad. 

Sci , III, April IS, 1901, pp 149-155. 

The Birds of North and Middle America* A Descriptive Catalogue of 
the Higher Groups, Genera, Species, and Subspecies of Birds Known to 
Occur in North America, from the Arctic Lands to the Isthmus of 
Panama, the West Indies and Other Islands of the Caribbean Sea, and 
the Galapagos Archipelago Part 1. Family Fringillidae — The Finches. 
Bull. U. S. Nat. Mus., no. 50, Part I, 8vo, pp. [i-iv] v-xxx, 1-715^ pH* 
I-XIX (outlines of generic characters). Published October 24, 1901 
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jgo^ 

Descriptions of Three New Birds of the Families Mniotiltidae and Cor- 
vidae. Auk, XIX, no I, January, 1902, pp 69-70 

The Elf Owl in California. Condor, IV, no i, January, 1902, pp. 18-19 

The Birds of North and Middle America A Descriptive Catalogue of 
the Higher Groups, Genera, Species, and Subspecies of Birds Known 
to Occur in North America, from the Arctic Lands to the Isthmus of 
Panama, the West Indies and Other Islands of the Caribbean Sea, 
and the Galapagos Archipelago Part II Family Tanagridae — The 
Tanagers. Family Icteridae — The Troupials Family Coerebidae — The 
Honey Creepers Family Mniotiltidae — The Wood Warblers. Bull. U. 
S Nat. Mus , no So, Part II, Published October 16, 1902. Svo, pp. 
[i-vi] vii-xx, 1-834, pH I-XXII (outlines generic characters). 

ipoi. 

Pycraft’s Classification of the Falcomformes Science, n.s. XVII, no, 
430, March 27, 1903, pp. 

Lophophanes vs. Baeolophus. Auk, XX, no. 3, July, 1903, p 308. 

Descriptions of New Genera, Species, and Subspecies of American Birds. 
Proc. Biol. Soc Wash, XVI, September 30, 1903, pp. 105-ni 

Relationships of the Madagascar Genus Hypositta Newton. Proc. Biol. 
Soc. Wash , XVI, September 30, 1903, p, 125. 

Diagnosis of Nine New Forms of American Birds Proc. Biol Soc, 
Wash., XVI, November 30, 1903, pp, 167-170. 

J904. 

Nannorchilus, a New Name for Hemiura, Preoccupied, Proc. Biol. Soc. 
Wash , XVII, April 9, 1904, p. 102, 

Descriptions of Seven New Species and Subspecies of Birds from Trop- 
ical America. Smiths. Misc. Coll. (Quart. Issue), XLVII, August 6, 
1904, pp. 112-113. 

The Birds of North and Middle America: A Descriptive Catalogue of 
the Higher Groups, Genera, Species, and Subspecies of Birds Known 
to Occur in North America, From the Arctic Lands to the Isthmus 
of Panama, The West Indies and Other Islands of the Caribbean Sea, 
and the Galapagos Achipelago. Part III. Family Motacillidae— The 
Wagtails and Pipits, Family Hirundinidae — The Swallows, Family 
Ampelidae— The Waxwings. Family Ptilogonatidae— The Silky Fly- 
catchers. Family Dulidac — The Palm Chats. Family Virconidae— -The 
Vireos, Family Laniidae — The Shrikes, Family Corvidae^— The Crows 
and Jays. Family Paridae— The Titmice. Family Sittidao— The Nut- 
hatches. Family Certhiidae— The Creepers. Family Troglodytidae^ 
The Wrens, Family Cmclidae— The Dippers. Family Chamaeidae— 
The Wren-Tits. Family Sylviidae— The Warblers, Bull. U. S. Nat. 
Mus., no. 50, Part III, December 31, 1904, pp. i-xx, 1-801, plL I-XIX. 
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1905 

Descriptions of Some New Genera of Tyrannidae, Pipndae, and Cot- 
ingidae Proc Biol Soc Wash , XVIII, September 2, 1905, pp 207-210 

[Bibliography of the Publications by] Robert Ridgway, MS (18S4) 
[Indiana University] Curator of Birds, U S National Museum, 
Brookland, D C Indiana Univ. Bull., II, no 6, March, 1905, pp 
125-142. 

[Notes on Nesting Boxes ] Bird-Lore, VII, no i, January, 1905, p 18 

New Genera of Tyrannidae and Turdidae and New Forms of Tanagridae 
and Turdidae. Proc Biol Soc Wash, XVIII, October 17, 1905, pp 
211-214 

Description of an Adult Female Euphonia Supposed to be Euphonia 
gnatho (Cabanis) Proc. Biol. Soc Wash, XVIII, October 17, 1905, 
pp 225-226. 

A Winter with the Birds in Costa Rica Condor, VII, no. 6, November, 
1905, PP 151-160, seven reproduced photographs (full page frontis- 
piece) 

Jp0(5 

Some Observations concerning the American Families of Oligomyodian 
Passeres. Proc. Biol. Soc. Wash., XIX, January 29, 1906, pp 7-16 

“Atratus versus Megalonyx''' Condor, VIII, no. 2, March, 1906, p. 53. 

'‘Atratus versus Megalonyx ” Condor, VIII, no 4, July, 1906, p 100 

Descriptions of Some New Forms of Oligomyodian Birds Proc Biol. 
Soc. Wash., XIX, September 6, 1906, pp. 115-120. 

ipo/ 

Cinclus mexicanus not a Costa Rican Bird. Auk, XXIV, no i, January, 
1907, p. 105. 

“Memorandum” in W. B. Mershon, The Passenger Pigeon, 1907, pp 
177-178. 

The Birds of North and Middle America: A Descriptive Catalogue of 
the Higher Groups, Genera, Species, and Subspecies of Birds Known 
to Occur in North America, from the Arctic Lands to the Isthmus of 
Panama, The West Indies and Other Islands of the Caribbean Sea, and 
the Galapagos Archipelago Part IV Family Turdidae — Thrushes. 
Family Zeledoniidae — Wren-Thrushes Family Mimidae — Mocking- 

birds. Family Sturnidae — Starlings. Family Plocei da e — Weaver Birds 
Family Alaudidae — Larks. Family Oxyruncidae — Sharp-bills Family 
Tyrannidae— Tyrant Flycatchers Family Pipndae — Manakins Fam- 
ily Cotingidae — Chatterers. Bull. U. S Nat Mus., no. 50, Part IV, 
July I, 1907, PP- i-xxii, i-973» pH I-XXXIV. 

Type Locality of Vireo pusillus. Auk, XXV, no. 2, April, 1908, pp, 
224-225, 

Red-spotted Bluethroat in Alaska. Auk, XXV, no. 2, April, 190S, p. 226. 
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Diagnoses of Some New Forms of Neotropical Birds Proc Biol Soc. 
Wash , XXI, October 20, 1908, pp iQi-iQS- 

ipop 

Birds of the World' A Popular Account by Frank H. Knowlton, Ph. D. 
The Whole Edited by Robert Ridgway, With sixteen Colored Plates 
and two hundred and thirty-six Illustrations March 19, 1909, Large 8vo, 
pp- i-xiii, 1-873 

New Genera, Species and Subspecies of Formicanidae, Furnariidac, and 
Dendrocolaptidae Proc. Biol Soc Wash, XXII, April 17, 1909, pp 

69-74. 

[Letter to editors regarding the publication of ‘‘Color Standards and 
Color Nomenclature ”] Ibis, 9th ser , III, no XII, October, 1909, pp. 

714-715 

Hybridism and Generic Characters in the Trochilidae Auk, XXVT, no 4, 
October, 1909, pp 440-442 

New Edition of Ridgway’s ‘Nomenclature of Colors.’ Auk, XXVI, 
no. 4, October, 1909, p 450 

[Transfer of the Division of Birds to the New U S. National Museum,] 
Auk, XXVI, no. 4, October, 1909, pp. 454-455. 

[Letter to editor announcing particulars in connection with the publica- 
tion of “Color Standards and Color Nomenclature.”] Condor, XI, 
no. 6, November, 1909, p 210. 

Ip 10, 

Concerning Three alleged “Erroneous Georgia Records.” Auk, XXVII, 
no. I, January, 1910, p. 88. 

Diagnoses of New Forms of Micropodidae and Trochilidae Proc. Biol. 
Soc. Wash., XXIII, April 19, 1910, pp. 53-56. 

rgii. 

Diagnoses of Some New Forms of Picidae. Proc. Biol. Soc. Wash , 
XXIV, February 24, 1911, pp. 31-36. 

The Birds of North and Middle America: A Descriptive Catalogue of 
the Higher Groups, Genera, Specie.s, and Subspecies of Birds Known 
to Occur m North America, from the Arctic Lands to the Isthmus of 
Panama, The West Indies and Other Islands of the Cariblwan Sea, and 
the Galapagos Archipelago. Part V. Family Pteroptochidac — The 
Tapaculos. Family Formicariidae — The Antbirds. Family Furnarii- 
dae— The Ovenbirds. Family Dendrocolaptidae — The Wooclhewers. 
Family Trochilidae— The Humming Birds. Family Micropodidae— 
The Swifts, Family Trogonidae — The Trogons. Bull. U. S. Nat. 
Mus,, no. SO, Part V, November 29, xpii. pp. i-xxiii, 1-859, pll 
I-XXXIIL 

Ip/.?. 

Color Standards and Color Nomenclature With Fifty-three Colored 
Plates and Eleven Hundred and Fifteen Named Colors. 1912. pp. i-iv, 
1-44, plh I-LIIL 
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Descriptions of Some New Species and Subspecies of Birds from Tropi- 
cal America Proc. Biol Soc Wash, XXV, May 4, 1912, pp. 87-92. 

Diagnoses of Some New Genera of American Birds Proc BioL Soc. 
Wash, XXV, May 4, 1912, pp 97-102 

1914 

The Birds of North and Middle America A Descriptive Catalogue of 
the Higher Groups, Genera, Species, and Subspecies of Birds Known 
to Occur in North America, from the Arctic Lands to the Isthmus of 
Panama the West Indies and Other Islands of the Caribbean Sea, and 
the Galapagos Archipelago Part VI. Family Picidae — The Wood- 
peckers Family Capitonidae — The Barbets Family Ramphastidae — 
The Toucans Family Bucconidae — The Puff Birds. Family Galbuli- 
dae — The Jacamars. Family Alcedmidae — The Kingfishers Family 
Todidae — The Todies Family Momotidae — The Motmots Family 
Caprimulgidae — The Goatsuckers. Family Nyctibiidae — The Potoos. 
Family Tytonidae — The Barn Owls Family Bubonidae — The Eared 
Owls. Bull U. S. Nat Mus , no. 50, Part VI, April 8, 1914, pp. i-xx, 
1-882, pll I-XXXVI 

Bird Life in Southern Illinois I. Bird Haven Bird-Lore, XVI, no. 6, 
November, 1914, pp. 409-420, seven illus 

m5 

Bird-Life in Southern Illinois. II Larchmound A Naturalist’s Diary 
Bird-Lore, XVII, no i, January, 1915, pp. 1-7, four illus. 

Bird-Life in Southern Illinois. Ill Larchmound A Naturalist’s Diary. 
Bird-Lore, XVII, no 2, March, 1915, pp 91-103, two cuts 

Bird-Life in Southern Illinois IV Changes which Have Taken Place 
in Half a Century. Bird-Lore, XVII, no. 3, May, 1915, pp. 191-198 

Descriptions of Some New Forms of American Cuckoos, Parrots, and 
Pigeons. Proc Biol Soc. Wash, XXVIII, May 27, 1915, pp 105-108. 

A New Pigeon from Chiriqui, Panama. Proc. Biol Soc Wash., XXVIII, 
June 29, 1915, p 139 

A New Pigeon from Jamaica. Proc Biol. Soc Wash., XXVIII, Novem- 
ber 29, 191S, P. 177- 

1916. 

The Birds of North and Middle America A Descriptive Catalogue of 
the Higher Groups, Genera, Species, and Subspecies of Birds Known 
to Occur in North America from the Arctic Lands to the Isthmus of 
Panama the West Indies and Other Islands of the Caribbean Sea, and 
the Galapagos Archipelago. Part VII. Family Cuculidae The 
Cuckoos Family Psittacidae. The Parrots. Family Columbidae. The 
Pigeons Bull, U, S. Nat. Mus, no 50, Part VII, May 5, 1916, pp. 
i-xiii, I-S43, pll- I-XXIV. 
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Robert Ridgway, Ornithologist [anonymous] Audubon Bull. (Chicago), 
Winter 1917-1918, pp. 3-18 

1919. 

The Birds of North and Middle America A Descriptive Catalogue of 
the Higher Groups, Genera, Species, and Subspecies of Birds Known 
to Occur in North America, from the Arctic Lands to the Isthmus of 
Panama the West Indies and Other Islands of the Caribbean Sea, and 
the Galapagos Archipelago Part VIII. Family Jacanidae — The Ja- 
canas. Family Oedicnemidae — The Thick-knees. Family Haematopo- 
didae — The Oyster-catchers. Family Arenariidae — The Turnstones. 
Family Aphnzidae — The Surf Birds. Family Charadriidae — The Plov- 
ers Family Scolopacidae — The Snipes. Family Phalaropodidae — The 
Phalaropes. Family Recurvirostridae — The Avocets and Stilts. Family 
Rynchopidae — The Skimmers. Family Sternidae — The Terns. Family 
Laridae — The Gulls. Family Stercorariidae — The Skuas. Family Al- 
cidae — The Auks. Bull U S. Nat. Mus, no. 50, Part VIII, June 26, 
ipipj PP- i-xvi, 1-852, pH. I-XXXIV. 

1920. 

Diagnoses of Some New Genera of Birds. Smiths Misc. Coll., 72, no. 4, 
Publ, 2588, December 6, 1920, pp. 1-4. 

1922, 

Mrs Robert Ridgway. Audubon Bull. (Chicago), Spring 1922, pp. 13-15. 
Introduction, in B. T. GaulPs Check-list of the Birds of Illinois. 1922. 

X 92 S* 

What IS Buteo rufescentior Salvin and Godman ? Auk, XL, no. 2, April, 

1933, p. 325. 

''Generic Subdivision’^ — "The Genus Debased.” Auk, XL, no, 2, April, 

1923, pp- 371-375- 

A Plea for Caution in Use of Trinomials. Auk, XL, no. 2, April, 1923, 
PP- 375-376. 

In Memoriam: Jose Castulo Zeled6n, (Born March 24, 1846-Died July 
16, 1923). Auk, XL, no. 4, October, 1923, pp. 682-689, pi. XXXVIIL 
Some Observations on the Natural History of Costa Rica. Ann, Rep. 
Smithsonian Institution for 1921 [1923], pp. 303-324, pll, 1-5 (10 figs,). 

X 924 - 

Additional Notes on Hyla phaeocrypta (?)* Copeia, No. 128, March 31, 

1924, p. 39- - 

A Scene at Bird Haven. Audubon Bull, (Chicago), Spring and Summer 
1924, p, 46. 

1925- 

Introduction, in W. A. Du Puys’ Our Bird Friends and Poes, xpas. 
Introduction, in A. K. Main's Bird Companions, 1925, p. 13. 
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Dr Ridgway Tells of his Early Days Olney [Illinois] Times (news- 
paper), June 4, 1925, p. I (continued on p. 5). 

Spring- Notes at “Earchmound Audubon Bull, (Chicago), Summer, 
1925, pp 22-23. 

The Birds of 'Larchmound’ — Resume. Bird-Lore, XXVII, no. 5, Sep- 
tember, 1925, pp 305-309, three illus 

Diagnosis of a new genus of Buteonine Hawks (Coryornis, gen. nov.). 
Auk, XLII, no 4, October, 1925, p 585 

192 ( 5 * 

Is the Love of Trees and Flowers Sign of Effeminacy^ Olney [Illinois] 
Times (Newspaper), May -, 1926 

As to the Type of Falco peregrmus pealei. Condor, XXVIII, no 5, Sep- 
tember, 1926, p 240. 

192;. 

The Advancing House Wren Cardinal, II, no. 2, 1927, p 34. 

Birds in their Relation to the Farmer and Fruit Grower. Audubon Bull. 
(Chicago), no. 18, Spring and Summer, 1927, pp 29-33 

Bird Haven What it IS and What it is NOT. Olney [Illinois] Advo- 
cate (newspaper), October 27, 1927. 

1929. 

Bird Haven — Its Purpose and Present Status Bird-Lore, vol. XXXI, no. 
I, February i, 1929, pp 1-6, 3 figs 

[Letter to F. M, Chapman] Bird-Lore, vol XXXI, no 3, June i, 1929, 
pp, 176-178 
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FRANK AUSTIN GOOCH 


BY RAIvPH G. VAN NAME) 

Frank Austin Gooch was born in Watertown, Massachusetts, 
a suburb of Boston, on May 2, 1852 He died on August 12, 
1929, in New Haven, Connecticut, the city in which he had made 
his home for forty-three years following a call to Yale as Pro- 
fessor of Chemistry in 1886 

Concerning his ancestry full information is available, largely 
from his own pen, since he was greatly interested in genealogy, 
and during the later years of his life compiled and printed an 
extended work on the Gooch family ^ He was the elder child 
and only son of Joshua Goodale Gooch and Sarah Gates (Cool- 
idge) Gooch The father was a lumber merchant and holder 
of various town offices, and later, for twenty years, chief assessor 
of Cambridge, Mass. Both parents came of sturdy New England 
stock established in this country in the early days of the colonies, 
his father’s line going back through John Gooch, born in England 
about 1600, who settled in Maine about 1640, and his mother’s 
line through John Coolidge who came from England to Water- 
town before 1636. The lines of his father’s mother (Goodale) 
and his mother’s mother (Hastings) were of similar nature and 
origin, both established in Massachusetts by 1637. More will 
be said on a later page concerning the genealogical volume above 
mentioned, and the light which it throws on the more remote 
ancestry of the subject of this memoir. So far as his ancestry 
in New England is concerned, it is sufficient to say that it seems 
to have included a large proportion of men and women of more 
than average energy, integrity, and importance in the affairs of 
their respective communities. From such stock Frank Austin 
Gooch inherited a keen and active mind, a sound body, and the 
ideals of service which are reflected so clearly in his own life. 

The story of his life, especially the earlier half, has been told 
by himself in an informal autobiography entitled “Trivial Remi- 
niscences.” This was written some five or six years before his 

History of a Surname, with some account of the Line of John 
Gooch in New England.” 
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death, not for publication but, according to his own statement, 
chiefly for the edification of his two granddaughters, both of 
whom were at that time under fifteen years of age It dwells 
chiefly on his boyhood, education, and travels, up to about 1884, 
while the portion dealing with his subsequent life, including his 
long and distinguished service as professor in Yale University, is 
disappointingly brief. The original typewritten copy was very 
kindly loaned to the writer by Dr. Gooch’s daughter, Mrs. John 
D Whiting, and has been the main source of information about 
his earlier life A carbon copy, differing only in that it lacked 
the numerous photographs and pictures of persons and places 
which were bound with the original, was sent by Dr. Cmoch, 
with other material, to the National Academy in 1926, in re- 
sponse to a request for biographical data. Charmingly written, 
this genial autobiography reflects clearly the kindly nature, 
modesty, and keen sense of humor of its author. Many passages 
from it will be quoted in the following pages, and where no 
source is mentioned, the use of quotation marks alone may be 
understood to indicate that the passage in question is taken from 
the Reminiscences. 

The first fourteen years of his life were spent, except for 
summer outings at the seaside, in Watertown, then a suburl) in 
the true sense, with all the attractions of woods, ponds, and oi)en 
country near at hand, to arouse and foster an innate love of 
nature and of outdoor life. His formal schooling, begun in 
Watertown, was transferred when he was twelve years old to 
Mr. Atkinson’s school in Cambridge, later known as the Kendall 
School, where he completed his preparation for college. Two 
years later his family moved to Cambridge 'Tor easier accessi- 
bility to school, college, church, and the various social affilia- 
tions.” 

At the Atkinson school the curriculum included, in addition to 
the usual classics, hiwStory, and mathematics, a course in natural 
science illustrated by collections of stuffed birds and mounted 
insects, and by simple physical and chemical experiments. He 
writes in the Reminiscences : 

"The experiments seen at school were of course incentives to 
imitation. My father indulged me in the possession of a few 
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chemicals and some simple apparatus He personally helped 
me to make an electrical machine, using a large glass bottle for 
the revolving cylinder, and from a wide-mouthed preserve jar 
we made a Leyden jar My earliest preparation of chlorine gas 
was made in the laundry, and there I was first ‘gassed’ — the 
precursor of many similar experiences. 

“That this discursive curriculum was a good thing m my case 
and probably a determining factor in the subsequent choice of a 
career, I have no doubt, but I am sure that it interfered some- 
what with the concentrated grind which sent boys from the 
Boston Latin School or from the Phillips Academy at Exeter 
with a better grammatical outfit for later work in the classical 
languages.” 

That his actual experiments in chemistry began some years 
before the preparation of chlorine above referred to, we learn 
from an earlier page of the Reminiscences 

“My uncle had dabbled a little in chemistry, as in most matters 
of intellectual interest, and had a small collection of simple 
apparatus and chemicals. From that stock my cousin Arthur 
and I got materials for the first chemical experiment in which 
I ever knowingly had a part. The day was dull and rainy and 
we decided that we might brighten things up a bit by making 
some gunpowder and starting a pyrotechnic display. The mix- 
ture of niter, sulphur, and charcoal was accomplished without 
accident and put in some sort of container inside a house built 
of billets of wood upon the kitchen floor A train of powder 
was laid and touched off with a match while we retired to a 
distant corner to await the effects, which were perfectly satis- 
factory. My Aunt Lucy's arrival upon the scene of devastation 
and incipient conflagration prevented the repetition of my first 
chemical experimentation — ^more successful so far as the an- 
ticipated results were concerned than many since made — ^but 
candor compels the admission that Aunt Lucy’s arrival was 
timely When I was offered the opportunity some twenty years 
later to take charge of the manufacture of nitroglycerine at the 
Torpedo Station of the United States Navy, at Newport, the 
fondness for pyrotechnics had run its course in my case." 
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In 1868, at the age of sixteen, he entered Harvard College, 
and for the first two years followed, in accordance with the re- 
quirements, a course of study which consisted largely of the 
humanities. During junior and senior years, however, he took 
advantage of the greater freedom of choice permitted, to devote 
his time almost wholly to science, especially physics and chemis- 
try, with the result that in 1872 he graduated with the degree of 
A. B. cum laudc, and with "siiniuios lu Physicis cf Clicmia 
honor es 

In the autumn of the same year, he began graduate studies at 
Harvard, principally in the fields of chemistry, physics and 
mineralogy. During the first year he served as a special instruc- 
tor of a class in Chemical Philosophy, and in the next year he 
became an assistant to Professor Josiah Cooke, a position “which 
involved aiding in the preparation of Professor Cooke’s brilliant 
and spectacular experimental Freshman lectures uiion elemen- 
tary chemistry and the holding of class-room recitations upon 
the subject matter of 'The New Chemistry’ ” In 1874-5 he 
served as assistant in the laboratory of ([uantitative analysis, 
and worked with Professor Cooke in his investigation of the 
atomic weight of antimony This year also marked the begin- 
ning of his scientific publication, in the form of a jiaper entitled 
"On Two New Varieties of Vermiculites,” on which his name 
appears with that of Professor Cooke as a joint author. 

That the training which Gooch received from the association 
with Professor Cooke was of great value to him is certain. It 
also stimulated still further his interest in ehemistry, an<l was 
undoubtedly an important factor in his subsequent choice of that 
science as the field for his life work. 

He was also, however, greatly interested in the physics of crys- 
tals, and decided to spend the following year abroad in the study 
of this subject, either with Rosenbusch in Strasslmrg nr with 
Tschermak and Schrauf in Vienna. In the summer of 1R75, in 
the company of a classmate, Field, he .sailed for Rurope. The fol- 
lowing is quoted, with some omissions, from the Reminiscences : 

. . We landed at Hamburg, . . . passed on to 
Berlin, where I met Jackson * (then an assistant professor at 

** boring W. Jackson. 
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Harvard on leave of absence) and made the acquaintance of 
Michael,^ both of them studying with Hofmann, one of whose 
lectures I had the good fortune to hear We three are now fel- 
low members of the National Academ}" of Sciences. There also, 
I met under somewhat puzzling circumstances Herr ]\Iajor 
Gerhardt (a brother of ]Mrs Hagen, our neighbor m Cam- 
bridge), who held some sort of high position in the War Depart- 
ment. Mrs Hagen had consigned to me for delivery to her 
brother a peculiar type of water-faucet m which she thought he 
would be interested, and she was to write to him of my coming 
to Berlin By dint of persuasion I got a somewhat reluctant 
guard to take my card to the Herr Major and was admitted to 
his sanctum The visit seemed to take him by surprise, although 
he was courteous , and our disadvantage was mutual in that he 
did not speak English and my knowledge of German was at 
least as deficient as was his of English French did not help me 
much. His surprise seemed to deepen when I took leave of him 
without taking the device with me, and left no permanent ad- 
dress Later, the matter was cleared up by a letter from Mrs 
Hagen telling me that the arrival of her letter to her brother had 
been delayed until after my visit to him, and that while he knew 
I was an acquaintance of hers, he had been laboring under the 
impression that I was interested in the commercial introduction 
of a special device into Germany. However, I got away with- 
out being arrested as a spy upon the war department ; and he got 
the faucet, which was after all the mam object of my call 

>|< Si« ^ :fs 5(« 

'‘After a month in Dresden for practice in spoken German and 
another month of walking, mountain climbing and delightful 
travels in Switzerland, . . . Field and I parted at Strass- 

burg He went to Berlin, and I, after looking over the situation 
at Strassburg, decided to take up my work in Vienna ” 

His life in Vienna is described quite fully in the Reminis- 
cences, for his stay there was made extremely interesting and 
pleasant by a friendship with Dr Franz Steindachner, then a 
director of the Imperial Zoological Museum. Steindachner had 

® Arthur Michael 
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spent several years in Cambridge with Agassiz and having 
learned in advance, through a letter from a friend in that city, 
that Gooch was coming to Vienna, received him with the greatest 
cordiality. It was Steindachner who helped him to find com- 
fortable lodgings, who accompanied him when he presented his 
letters of introduction to Tschermak and Schrauf, and secured 
for him the privilege of working on the collections m the Im- 
perial A^ineralogical Rluseum usually accorded only to workers 
of considerably greater experience, and in many other ways gave 
him most valuable assistance. 

This was the beginning not only of a warm personal fiiend- 
ship with Steindachner, but also “of a long series of hospitable 
attentions from the entire Steindachner connectnni,” which left 
Gooch in after years with the pleasantest poSvSible meniones of 
his stay in Vienna 

His work at the University of Vienna included, at first, attend- 
ance on the lectures of Tschermak and Schrauf, but as these lec- 
tures proved rather elementary after the training in mineralogy 
which he had had wdth Professor Cooke, they wx're soon dropjied 
and the time devoted to lalioratory work and research. At the be- 
ginning of thj second semester he was planning to attend a more 
advanced course of lectures to be given by Tschermak, Init w'as 
discouraged 1 )y that gentleman himself. At a loss to know' the 
reason, Gooch finally learned from the assistant at the laljoratory 
that the substance of this second course was Hana’.s isystem of 
Mineralogy, upon wiiich he had been “brought up” at 1 larvard. 
His time was accordingly sjienl in stiulie.s upon the material at 
the ])etrugrai)hical institute, or at the museum, where a .suitalile 
niicrosco])e and a fine collection of rock sections were available, 
but except for occasional conferences with T'scliermak he was 
left for the most ])art to liooks and his own initiative in i>rosecnt- 
ing these studies. That his progress was raj)id is shown by th<‘ 
fact that Tschermak intrusted him with the investigation of a set 
of sections of rock specimens from the (^alapagos Islands, the 
results of which w'ere jmblished under Ch)och\s name in *‘Mineral- 
ogische Mittheilungen.“ This, and another brief paper in the 
same journal, hi.s second and third .scientific publications, both 
appeared in 1876. Outside of working hours much of his time 

ito 
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was spent in the congenial company of Steindachner They 
were both fond of music and the theater, and frequently went 
together to concerts, operas, or plays, or visited the art galleries, 
or museums. Later, with the coming of spring, they made ex- 
cursions to points of interest in the surrounding country, and 
once, even went as far as Budapest. Through Steindachner, 
Gooch was often invited to social gatherings of his relatives or 
friends, and through him again, had the opportunity to see cer- 
tain ceremonies to which Stemdachner's connection with the 
Imperial service opened the way One of these was the formal 
court ceremonial, the ‘Tusswaschung,’’ symbolic of humility, 
which is very graphically described in the Reminiscences 

In June, 1876, Gooch parted with regret from his warm 
friends m Vienna, and after short stops in Salzburg, Munich, 
and Paris, and a week in London, sailed for home. 

Concerning the subsequent advantage to him of the studies 
pursued in Vienna, he writes as follows. 

'‘That the work in petrography and upon the physics of crys- 
tals proved afterwards to have been but an interesting side issue, 
and of only occasional use, was determined by the trend of sub- 
sequent events I have never regretted the time thus spent, and 
the opportunity to make the acquaintance of a charming coterie 
of associates at the museum — Tschermak, Brezina, von Reyer, 
Neminar — has left me many pleasant memories.” 

On resuming his graduate work at Harvard in the autumn, 
he devoted his time to a study of the action of zirconium tetra- 
chloride upon sodium ethylate, and to work on the preparation 
of his thesis for the doctorate, which as presented later bore the 
title “A Treatise on Crystallography on the basis of Miller’s Sys- 
tem. With other papers ” The “other papers” were his first 
three publications already mentioned, and a progress report on 
the zirconium work. 

Meanwhile, he had been considering the plan of undertaking 
work in the field of thermochemistry with Julius Thomsen in 
Copenhagen, and early in June, 1877, having completed his work 
for the degrees of A. M. and Ph D. (which at that time were 
coupled) and obtained permission to receive the two degrees in 


HI 
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absentia^ he sailed again for Europe Landing at London with 
time at his disposal, he took advantage of the opportunity for a 
three weeks’ trip through Ireland, Wales, and England, in the 
pleasant company of Mr Grimdmann, Director of the Boston 
Art Museum, who had been a fellow passenger on the steamer. 
Their itinerary included, among many points of interest, visits to 
Manchester (Owens College), Oxford, and Cambridge Con- 
cerning his visit to the last place, Gooch writes 

“At Cambridge, I sought out the residence of Professor Miller 
to whom Professor Cooke had given me a letter, but finding on 
inquiry at the door that he was ill and saw no visitors I left the 
letter and my card (without address) as a matter of courtesy 
It was a complete surprise when an hour or so later a waiter at 
the hotel told me that a lady was waiting to see me and I found 
Mrs. Miller with an invitation to dine and the conditional prom- 
ise that if it proved to be advisable I might have a few minutes’ 
interview with her husband So I dined with Mrs. Miller and 
her two charming daughters, and did get an unsatisfactory 
glimpse of an elderly, w^eak, and scholarly gentleman whose 
brief and concise 'Treatise’ and ‘Tract’ upon Crystallography I 
had tried to simplify, as well as to extend, in my doctoral thesis. 

I am glad that I saw him, tho I doubt whether he really under'- 
stood much more of me and my interest in him than that here 
was a stranger who desired to pay his respects to him. The kind 
and under the circumstances really unnecessary courtesy left me 
with a vivid appreciation of English hospitality.” 

After a few days in London, Gooch proceeded to Copenhagen. 
Here he was cordially received by Julius Thomsen, who showed 
him his apparatus, and some details of its manipulation, but ex- 
plained that the apparatus was his own property (not that of 
the University), and that it would be necessary for Gooch to 
provide apparatus for his own use. 

“He added, with a smile, that given the apparatus, he did not 
see why the work might not be done as well in Cambridge as in 
Copenhagen, and I was inclined to believe that he was at least 
half-right With apparatus and the published papers at hand 
Thomsen of Copenhagen and Berthelot of Paris there could 
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hardly be more difficulty in digging out a mastery of what had 
been done in their line than in acquiring facility in microscopic 
petrography with the aid of literature, a microscope, and a 
collection of Dunnschliffe, as I had had to do at Vienna 
Moreover, as to further applications to chemical theory and 
really worth-while research along the lines opened up by Thom- 
sen and Berthelot I felt skeptical. It looked to me as if the 
cream had been pretty effectually skimmed from the milk, and 
I think that the subsequent history of Thermochemistry has 
substantiated that view. At any rate, I made up my mind that 
the thing for me to do was to take advantage of the accessibility 
of the great laboratories, make notes upon the fittings, meet 
workers, and then get back to the work which I had left un- 
finished at Harvard . . . So, the European venture re- 

solved itself into a series of laboratory inspections which proved 
to have been of great advantage when I came later to make the 
fundamental plans of the Kent Chemical Laboratory of Yale 
College.’’ 

In accordance with this decision he planned the remainder 
of his travels in Europe to include stops at the seats of some ten 
or more universities, and in most cases, perhaps in all, paid 
visits to their laboratories. Among these were Upsala ( Cleve's 
laboratory), Stockholm, Christiania, Bonn, Heidelberg (Bun- 
sen’s laboratory), Amsterdam, Antwerp, Edinburgh, and Glas- 
gow, where he visited both the university and the important Ten- 
nant’s Alkali Works. A few days also were spent in London, 
where Gooch had the great pleasure of meeting again (and for 
the last time) his good friend Steindachner of Vienna, and of 
visiting a number of points of interest in his company 

Gooch's return to Harvard was timely, for it resulted in his 
being offered, and accepting, an opportunity to work with Pro- 
fessor Wolcott Gibbs in his investigations of the Complex In- 
organic Acids, taking his courses and doing the work of a pri- 
vate assistant. With the approval of the university authorities 
he also continued to hold during this year the Parker Fellowship 
to which he had been appointed early in 1876. 

There can be no doubt that this association with Dr. Gibbs 
had the deciding influence in shaping Gooch’s future career. He 
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seems up to this time to have had some leaning toward organic 
chemistry, but the training which he received under Dr. Gibbs 
developed m him a great interest in the problems of analytical 
chemistry, and remarkable ingenuity in devising apparatus and 
methods of value in analytical work Here too, he must have 
acquired much of that skill and deftness in manipulation which 
enabled him to carry out difficult analyses with a certainty and 
accuracy which not many have equalled From this time on, 
he turned definitely toward analytical chemistry as his chief 
field of work and of research 

The association with Dr. Gibbs lasted for two years, during 
the second of which he was “m fact as well as in function'' Dr 
Gibbs’ private assistant. It was during this period that he pub- 
lished an extended paper ‘'On the Estimation of Phosphoric 
Acid as ]\Iagnesic Pyrophosphate," which included a special 
study of the application of the method to the analysis of phos- 
photungstates and phosphomolybdates. Another and very im- 
portant paper was one in which he described a new type of 
filtering crucible, now well-known under the name of “Gooch 
Crucible." The great value of this device lay in the fact that 
the filtering medium was a mat of asbestos fiber, introduced in 
suspension in water and compacted by suction Not only does 
this supply an efficient filtering surface unattacked by most acids 
and readily adaptable to the needs of precipitates of different 
degrees of fineness, but precipitates which could not be heated 
in contact with paper fiber without undergoing decomposition 
could be collected, ignited, and. weighed, in the filtering cru- 
cible itself, thus greatly simplifying the procedure. Criticised 
at first by some who attempted to use it with asbestos of in- 
ferior quality, but vindicated by the overwhelming testimony 
of others, this device soon became, and still is, one of the indis- 
pensable tools of the analytical chemist. The only reference in 
the Reminiscences to this important and useful invention reads 
as follows : 

“It was during this period that I described in a paper ‘On a 
new method for the separation and subsequent treatment of 
precipitates in chemical analysis,' a device which has proved to 
be of such general utility in analysis that, dubbed by the craft 
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With my surname (occasionally reduced to the level of a common 
noun), It has found its way into the 'Standard Dictionary’ (of 
the English language), dragging me along with it ” 

His next position took him to Newport, Rhode Island. The 
nature of this work, and the circumstances under which he under- 
took it, are best given in his own words. 

'Tn the autumn of 1879, ^.t the invitation of Professor Ra- 
phael Pumpelly, who was then organizing a division for the 
census work, under the U. S. Geological Survey, with head- 
quarters at Newport, R. L, I accepted an appointment as Ex- 
pert Special Agent of the U S. loth Census, to undertake the 
microscopic examination of representative iron ores. The slic- 
ing and grinding apparatus was put in operation and the sections 
were made by an expert, but the opportunity never came to me 
to examine them m more than a cursory way (I believe that they 
are now m the National Museum at Washington). My activi- 
ties were diverted to assist Blair^ in making the chemical anal- 
yses which ultimately engaged the service of half-a-dozen ex- 
perts simultaneously, and finally, when he resigned, the charge 
of that work (recorded in Vol XV, (Pumpelly) U. S. Tenth 
Census) devolved upon me. 

“In October, 1881, came the appointment as chief chemist of 
the Northern Transcontinental Survey which Mr. Pumpelly was 
organizing at the request of Mr Villard to deal broadly with 
questions affecting the utilization and development of the nat- 
ural resources of the region tributary to the Northern Pacific 
Railway System This splendidly organized survey, which in- 
cluded in its personnel half-a-dozen men whom the National 
Academy of Sciences has honored with membership, came to an 
end in 1884 when the system was beset with financial difficulties 
and Mr. Villard’s retirement brought about a change of policy. 
Contributions to Pumpelly’s volume of the Census reports, one 
giving analyses of the lignities of the Northwest and another 
relating to the conversion of lignites into fuel of high heating 
power, the records of analyses of iron ores (twenty-one complete 
and one hundred-and-forty ^partial’), a little paper describing 


* Andrew A. Blair 
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the device of a tubulated crucible useful in determining volatile 
products of Ignition, constitute the records published in my own 
name in connection with the activities of this survey.’’ 

In Augnst, 1880, Gooch married Sarah Elizabeth Wyman, 
daughter of John Palmer Wyman, of West Cambridge, Mass , 
and for the next four years the young couple made their home 
in Newport, m pleasant surroundings and with a very congenial 
circle of friends. 

During the winter of 1883, Gooch accompanied Pumpelly on 
a trip to Mexico. Mr. Pumpelly had been engaged by the owners 
of a mine, of which great things had been expected and on 
which a very large sum had been spent without much result, to 
inspect the property and to make a report. Gooch was taken 
along '‘to act as assistant in seeing that there should be no 
'salting’ of samples and to make such assays as might be neces- 
sary on the spot.” Since the mine was situated in a very thinly 
settled part of Mexico, many miles from a railroad, the trip 
carried with it possibilities of adventure. On the railroad jour- 
ney across Southern Arizona they passed near a region where 
Mr. Pumpelly twenty-two years before had spent eight months 
full of dangers and excitement in a stronghold of hostile Apaches, 
as manager of the '‘Santa Rita” mine. From Gooch’s account 
of the trip we quote the following incident, which took place at 
this point. 

"We were making the run from Benson to Nogales on the 
Mexican border when Mr. Pumpelly turned to speak and I 
leaned forward over the back of his seat to catch the remark 
‘This is my old stamping ground. I never expected to get out 
of it alive/ — referring to his hectic experience of nearly a 
quarter-century before,® Then came a smash of glass, a whirr 
past my head, a sprinkling of powdered glass in the face — all 
marking the flight of a rifle-bullet through a window on the op- 
posite side of the car across the car and out at the window just 
behind us on our side of the car. It was the shot of some drunken 

’ Described in Raphael Pumpelly^s ‘'Reminiscences,” Vol I, pp. 194-224. 
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cowboy or other irresponsible individual from out of the dark- 
ness at our isolated figures in the bright light of the car. 

“ ‘That,’ said Mr. Pumpelly, ‘is the first call.’ ” 

Leaving the railroad at Magdalena, they proceeded on horse- 
back, with a guide, over more than a hundred miles of trails 
through rough country. At points of danger a sharp watch was 
kept for Apaches but none was seen, — “nor did we see any while 
we were in Mexico ; although the Apaches did raid and killed men 
within nine miles of us at the mines, and arms were issued to the 
miners, and a watch set.” That the situation was perhaps worse 
than IS here implied, we gather from Mr. Pumpelly’s account,® 
which states that the entire force of whites at the mines, some 
fifteen in number, was under arms for two weeks while the sur- 
rounding country was being raided. 

The mine was duly inspected and the assays made. Rich ore 
was present but only in small quantities — nothing to justify the 
enormous sum which had been spent for machinery for a stamp 
mill many times larger than was needed, — and on the strength 
of Mr. Pumpelly’s subsequent report the mine was closed. 

Leaving Newport in the spring of 1884, Gooch went to Wash- 
ington as chemist on the U S. Geological Survey in charge of 
the chemical work of Yellowstone Park Division, which at that 
time consisted chiefly in analyses of the waters of the Park. 
This position he held for two years, spending the first field 
season in the Park and the remainder of the time in Washington, 
where the analyses were carried out. The results of numerous 
analyses of the Park waters, and the description of special 
methods used in making them, have been published, under the 
joint authorship of F. A. Gooch and J. E Whitfield, in Bulletin 
47, of the Geological Survey. 

In 1886, an appointment to be Professor of Chemistry in Yale 
College, received the year before, became effective, and Gooch 
removed to New Haven to take up what proved to be his chief 
and permanent life work 

The first and principal task before Professor Gooch in taking 
up this position was to establish, for the benefit of candidates 

® Raphael Pumpelly’s “Reminiscences/’ Vol. II, pp, 6S3-4. 
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for the B A degree, a suitable group of elective courses in the 
fundamental branches of chemistry, inorganic, organic, and 
analytical. At the start all of the classroom teaching was done 
by himself, but other instructors were soon added, as the work 
giew. 

Since his appointment included service in the Yale Graduate 
School, a second task, following naturally upon the first, was to 
provide courses and opportunities for research for the students 
who, attracted by his unusual qualities as a teacher and in- 
vestigator, soon began to come to him for postgraduate studies 
leading to the higher degrees. 

The first year was taken up with the planning and supervision 
of the building of the Kent Chemical Laboratory. His first 
class at Yale began work in the autumn of 1887, although the 
laboratory was not completed and ready for occupancy until 
the following spring. 

Under Professor Gooch’s wise and able direction, and fur- 
thered by the trend toward the study of chemistry on the part 
of students not definitely committed to a scientific career, the 
work of the laboratory grew steadily, and to such an extent that 
two additions to the building were made (in 1902 and 1906, 
respectively), which together more than doubled its capacity 
By 1915 the number of students under instruction in the labora- 
tory was well over four hundred 

It was the good fortune of the writer of these pages to begin 
the study of chemistry in Professor GooclVs undergraduate 
courses, to carry out his postgraduate research under his direc- 
tion, and to return, two years later, for fourteen years of service 
(1904-1918) as a member of the teaching staff headed by him. 

As a teacher of undergraduate students Gooch aimed always 
to lay a secure foundation for further study of chemistry. His 
lectures covered a great deal of ground, too much perhaps for 
the average student, but they were followed with great interest 
and profit by the better ones. In later years his lectures on in- 
organic chemistry had to be given twice to accommodate the large 
classes. Always clear and well prepared, they included a large 
number of lecture table experiments, set up in advance with 
scrupulous care, and thanks to his skill in manipulation these 
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experiments seldom failed to g:ive a clean-cut and satisfactory 
result 

It was, however, in the more advanced work, and particularly 
in research, that he was most conspicuously successful in arous- 
ing in his students a love of the science and a real enthusiasm 
to contribute to its advancement To research students needing 
his help he gave freely and abundantly of his time, spending 
many hours with each student, observing the experiments and 
often participating in their execution. His keenness in observa- 
tion, and quick intuition in finding the cause of unexpected and 
puzzling results, were truly remarkable He read extensively, 
and aided by an excellent memory had an extremely broad and 
comprehensive knowledge of chemical facts, theories, and pro- 
cedure. 

The field which interested him most, and in which the greater 
part of his research was done, was that of analytical chemistry, 
but he was far from desiring this field to be unduly emphasized 
in the work of the laboratory as a whole On the contrary, he 
gave all possible encouragement and support to those students 
and members of his staff who were carrying on investigations in 
other fields, and he took the greatest satisfaction in the results 
which they achieved. 

Throughout his period* of service at Yale he was active in 
conducting research. At the time of his retirement, in 1918, 
more than three hundred research papers from the Kent Labora- 
tory had been published, of which over eighty bore his name 
either as sole or as joint author. His actual contribution to 
the total was in reality much greater, for he often, actuated by 
generous motives, declined to have his name appear on papers 
the successful outcome of which had been largely due to his 
ideas and supervision of the work. 

Professor Gooch's published work, though chiefly in the field 
of analytical chemistry, covered a wide range. He devised or 
perfected a large number of analytical processes and methods, 
some of which are now recognized as the standard ones and so 
described in current books of reference; others are less well 
known but have their utility in special cases. 
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His most important contributions datings from the period be- 
fore his coming to Yale, are probably the Gooch filtering cruci- 
ble, the quantitative separation of lithium from the other alkali 
metals by the action of amyl alcohol on the chlorides, and the 
estimation of boric acid by distillation with methyl alcohol and 
fixation by calcium oxide. 

Among his later researches, carried out with various collab- 
orators and published in the Kent Laboratory series, the follow- 
ing deserve special mention : Useful methods for estimating the 
elements molybdenum, vanadium, selenium and tellurium , two 
novel applications of sodium paratungstate in analysis,"^ which 
take advantage of the fact that it is non-hygroscopic and can be 
fused without change in weight, important studies of the con- 
ditions necessary for precipitating phosphates of the composition 
required for weighing as magnesium or manganese pyrophos- 
phate; and, finally, a long senes of methods for estimating 
various elements and radicals, based on the volumetric determina- 
tion of iodine, a reaction which he favored and put to many uses 
on account of its exceptional advantages from the standpoint of 
convenience and accuracy. Indeed, so far as is known to the 
present writer, his contributions in the field of iodometric 
methods are unequalled in number and value by those of any 
other investigator. 

Another important contribution was a method for the rapid 
electrolytic estimation of metals, using very vigorous stirring, 
a principle which effects an enormous saving of time, and is now 
in common use. Although the question of priority in this idea 
is somewhat involved, Gooch seems to have been the first to pub- 
lish it (with H. C Medway in April, 1903), and it is certain 
that he conceived it in complete ignorance of the contemporary 
work of others. The apparatus used by Gooch and Medway in 
this work IS also noteworthy in that it dispenses entirely with 
platinum dishes and electrodes of special types, the metal being 
deposited on the exterior surface of an ordinary small platinum 
crucible, mounted by a rubber stopper on a vertical axle rotated 

^ As a better substitute for calcium oxide m the method of the estima- 
tion of boric acid, just mentioned, and in determining certain volatile 
acidic oxides by loss in weight on ignition. 
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by a small motor at a speed of six hundred revolutions per min- 
ute, or above. Since no large or specially shaped platinum parts 
are needed, the method is within the reach of even a very mod- 
estly equipped laboratory. Later, impelled by the growing scar- 
city of platinum, he devised a process for the rapid electrolytic 
estimation of metals, which employed electrodes of such small 
size that the total weight of platinum required for both anode 
and cathode was not over one gram. 

The analytical methods devised by Gooch reflect as a rule his 
own practical turn of mind. As seen in the work on electro- 
analysis just described, he sought whenever possible to avoid 
elaborate or costly apparatus and time-consuming procedure, and 
often obtained the desired results by devices of exceptional sim- 
plicity. He was a firm believer in the need for more intensive 
and intelligent study of the problems of analytical chemistry as 
an essential factor in the progress of chemical science. He 
scouted the idea expressed by certain distinguished critics that 
analytical chemistry was a nearly exhausted field, and held that 
advances of immense practical value were both possible and 
certain, a view which the notable development of anal5rtical 
chemistry during the last twenty years, especially through the 
application of physical methods, has already done much to 
justify. 

Professor Gooch was the author, or joint author, of a number 
of books and pamphlets (listed in the bibliography at the close 
of this article), including a text on Inorganic Chemistry (1905), 
one on Qualitative Analysis (1906), and one on Quantitative 
Analysis (1916). Of these the '"Outlines of Qualitative Anal- 
ysis,'" in which his colleague, Philip E Browning, was associ- 
ated with him as joint author, is probably the best known. It 
was widely used, and five revised editions were subsequently 
printed, the last in 1928. In addition to the text qn quai^itative 
analysis .mentioned above, he compiled in 19^^ ^ boclk ciititled 
'"Methods in Quantitative Analysis originated Qr developed iin 
the iKent Chemical Laboratory/' and 1901 he edited for the 
Yale Bicentennial S^e$ a^refnint pf the 

Lal^iatory ^I^earch oqe and eig^t^^ ItwSte, 

which hid |Uf ' ^ .His 
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referred to on an earlier page, was not formally published, but 
was printed for the author in 1926 

From the outset Professor Gooch had been in fact the director 
of the Kent Laboratory, although the actual title was not added 
until 1905, and the necessary administrative duties made con- 
stantly increasing demands upon his time and energy as the work 
of the laboratory expanded Yet his great industry and system- 
atic habits of work enabled him, with little or no assistance, to 
discharge the manifold duties of this position, and at the same 
time to give most conscientious attention to his teaching and his 
research. 

As an administrator he was keen, far-sighted, and efficient 
All routine matters were given careful thought and conscien- 
tiously attended to, and when a written report was called for, 
it was always ready on time He would never allow unfinished 
work to accumulate, but when the demands upon his time were 
especially heavy, kept his desk clear by long hours of night work. 
As a consequence, he seemed always able to devote as much time 
as needful to his research students, and was never too busy to 
give a cordial welcome to those who wished to consult him 

His relations with his staff and more advanced students were 
most informal and friendly, and his wise counsel in many diffi- 
culties, both scientific and personal, was freely sought and gen- 
erously given Tolerant to a fault, he saw the good qualities 
in everyone, and when he erred, it was on the side of leniency 
in his judgments. His interest in those closely associated with 
him was sincere, and the respect and affection for himself which 
he inspired in his research students and the members of his staff, 
from professor to janitor, were truly remarkable. 

Dr Gooch was a rather tall man, erect and well built, a digni- 
fied and distinguished figure. He possessed a rare charm of 
manner, and his unusual courtesy and consideration for others 
were as sincere as they were unfailing. A man of real culture, 
with broad interests and a keen appreciation of the finer things 
of life, he was ready and interesting in conversation, and a most 
delightful companion. He was gifted with an exceptionally keen 
sense of humor, loved to hear a good story or to tell one, and his 
fund of entertaining anecdotes was well-nigh inexhaustible. 
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That such unusual social gifts should have been combined with 
a rather retiring disposition and a comparative indifference to- 
ward social activities seems strange, but the fact remains that 
he was not often seen at the gatherings of the various scientific 
societies of which he was a member, nor indeed at any gather- 
ings except those connected with his college duties, or within the 
circle of his intimate friends. 

He was to an unusual degree a lover of home, and of family 
life, and generally preferred to spend his leisure hours in the 
company of his wife and his daughter, their only child. It is 
noteworthy that in spite of the heavy burden of college duties 
he devoted a large amount of time to the education of his daugh- 
ter in her earlier years, and took the greatest pleasure in doing 
so. He was fond of chess, and of music, of which he enjoyed 
a great deal at home, for his wife and daughter were both tal- 
ented musicians The bond of affection with his wife was an 
unusually strong one, and her death, in 1904, was a blow which 
cast a hta.vy shadow on all his subsequent life. He was fortu- 
nate, however, in retaining to the last the companionship of his 
daughter, who, after her marriage, continued with her husband 
to make her home with her father. 

In June, 1918, he retired from active service at Yale with the 
title of Professor Emeritus. Though his activity in research had 
continued unabated up to this time, he never thereafter resumed 
experimental work, nor did he make any further contributions 
to chemistry except for collaborating with Professor Browning 
in two revisions of the “Outlines of Qualitative Analysis,” in 
1925 and 1928, respectively. 

Instead, he turned with great interest and enthusiasm to gene- 
alogical research. His uncle, Samuel Henfield Gooch, had left 
on his death voluminous data and manuscript notes on the Gooch 
Lineage m New England. Starting with these, Professor Gooch 
gave much time and study for a number of years to the task of 
confirming and amplifying these data, and especially to the study 
of the Gooch line in Europe in pre-colonial times. Finally, in 
1926, the results of his labors were printed in a book entitled 
“The History of a Surname, with some account of the Line of 
John Gooch in New England.” This work gives evidence of 
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a very intelligent and comprehensive study of the available 
sources of information, both medieval and modern, and of keen 
and thoughtful analysis on the part of its author. 

From it we learn that the surname Gooch is one of the pho- 
netically similar forms, spelled in various ways, of the family 
name Goz or Guz, which appeared in Normandy in the tenth 
century. It appears to have been at first a descriptive name or 
cognomen, indicative of personal appearance or place of origin, 
applied to one of the companions of the invader Hrolf (progen- 
itor in the male line of William the Conqueror) who came over 
from Norway in 912, but to have been adopted as a family name 
by the descendants of Hrolf Turstain, half-nephew of the 
famous Hrolf 

FolloAvmg back the ancestry of a certain John Gooch of Al- 
vingham, Lincolnshire, a younger son, whose identity with the 
John Gooch referred to on page 105 of this article as resident in 
Maine as early as 1640 is made very probable by a good deal 
of circumstantial evidence, Professor Gooch succeeded m prov- 
ing that John Gooch was a direct descendant in the male line 
of Hrolf Turstain, a step covering twenty generations. Except 
for the slight uncertainty involved 111 the identification of John 
Gooch of Maine with John Gooch of Alvmgham, Professor 
Gooch had thus traced back his own ancestry, in the direct male 
line, through twenty-eight generations, covering more than nine 
centuries, a success which would have been gratifying to any 
lover of genealogical research, and was undoubtedly so to him. 
His book contains also a great deal of information about re- 
lated lines, as well as many references to the original sources 

During this period he took much satisfaction in giving his 
two granddaughters their early education, as he had done for 
his daughter a quarter of a century earlier, and it was at this 
time that he wrote for their entertainment his “Trivial Remi- 
niscences,'’ from which so many extracts have been quoted. 
No one who reads this interesting autobiography, which in type- 
written form covers some seventy pages, can fail to be impressed 
both by the charm of the author’s style, and by his unusual 
powers of memory, as shown by his detailed and vivid descrip- 
tions of the scenes and experiences of more than half a century 
before. 
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His former students and associates were always sure of a 
warm welcome at his home, and the regularity with which they 
took advantage of visits to New Haven to call upon their former 
teacher showed clearly the great affection in which they held 
him. And this feeling was mutual, for a friend more loyal and 
sincere than Professor Gooch would be hard to find. He took 
the deepest interest in the welfare and scientific careers of his 
former students, and enjoyed most keenly these opportunities 
to hear of their interests and problems, and to renew old friend- 
ships. 

After a severe attack of pneumonia in 1925 his bodily health 
was never fully restored Other periods of illness followed, 
and on August 12, 1929, he died at his home in New Haven, in 
the seventy-eighth year of his age, after an illness of several 
months duration. 

So ended a life of unselfish devotion to duty, rich in useful 
work accomplished, and in the love and respect of many who 
had felt its guiding influence and the inspiration of its example. 

Professor Gooch was a member of a number of scientific 
societies and academies. He became a member of the National 
Academy of Sciences in 1897. He was also an associate fellow 
of the American Academy of Sciences, and a member, or former 
member, of the American Philosophical Society, the American 
Association for the Advancement of Science, the Philosophical 
Society of Washington, the American Chemical Society, the 
Connecticut Academy of Arts and Sciences, the New York 
Academy of Sciences (corresponding member), Sigma Xi 
(Yale Chapter), and of various other organizations of a scien- 
tific or social character, including a number of clubs. 

Two brief biographical articles on Professor Gooch have 
already been published, both from the pen of Professor Philip 
E. Browning, one, in the series ‘‘American Contemporaries,” in 
Industrial and Engineering Chemistry, 75, p. 1088, (1923) ; the 
other, an obituary, in the American Journal of Science, Sth ser., 
PP. 539-540, (1929). 
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BIBLIOGRAPHY OF FRANK AUSTIN GOOCH 

The following list of the printed writings of Professor Gooch, 
based on one prepared by himself, is believed to be practically 
complete, except perhaps for writings of minor importance : 

Books and PAMPHLSrs 

1888 

Analyses of waters of the Yellowstone National Park, with an account 
of the methods of analysis employed (with James Edward Whitfield) , 
Bullefm of the U. S. Geolog^ical Survey, No. 47. 84 pp Partially re- 
printed (the account of the methods of analysis) Jour, Anal Chem., 3, 
pp. 1-33; Chem. News, 5p, pp 113-115, 125-128, 153-156, 163-165 

1892 

Syllabus of lectures upon elementary chemistry, inorganic 35 pp 
(Privately printed in pamphlet form for the use of the author’s classes 
This statement applies also to the next four items listed below.) 

Laboratory experiments accompanying lectures upon elementary chem- 
istry inorganic; 61 pp (Privately printed.) 

1893 

Lecture notes on qualitative analysis, 67 pp (Privately printed.) 

1895 

Laboratory experiments accompanying lectures upon organic chem- 
istry; 26 pp (Privately printed.) 

Notes of lectures upon elementary chemistry; 133 pp. (Privately 
printed.) 

1901 

(Edited.) Research papers from the Kent Chemical Laboratory of 
Yale University. Vol. I, xiv + 411 pp , vol. II, 405 pp. (Yale bicenten- 
nial publications), Chas Scribner's Sons, New York. 

1903 

Outlines of inorganic chemistry (with Claude Frederick Walker) , 
8vo Part I, xxiv + 233 pp., Part II, St4 PP, The Macmillan Company, 
New York. 

Laboratory experiments to accompany Outlines of inorganic chemistry 
(with Claude Frederick Walker) ; 104 pp., The Macmillan Company, 
New York. 
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1906 

Outlines of qualitative analj^sis (with Philip Embur>’ Browning) ; 8vo, 
VI + 14S pp., John Wiley & Sons, New York (Five revised and en- 
larged editions of this book were subsequently published, the last in 1928 ) 

1912 

Methods in chemical analysis originated or developed in the Kent Chem- 
ical Laboratory of Yale University, 8vo, xii + 536 pp , John Wiley & 
Sons, New York 

1916 

Representative procedures in quantitative ana^'sis , 8vo, x -f 262 pp , 
John Wiley & Sons, New York 

1926 

The history of a surname with some account of the line of John Gooch 
in New England, compiled from the records of the late Samuel Henfield 
Gooch; large 8vo, viii + 160 pp., with appendix, 12 pp. (1927). (Printed 
for the author.) 

Contributions to Books 

1886 

In Report on mining industries of the United States, by Raphael 
Pumpelly, U. S. Tenth Census, vol 15.: 

Partial analyses of iron ores (one hundred and forty-five in num- 
ber) ; pp 529-581. 

Complete analyses of iron orqs (twenty-one in number) ; pp. 
583-601 

Analyses of coals and lignites of the Northwest; pp. 775-790 

The conversion of lignite into fuel of high heating power; pp. 
791-796. 

1908 

In. Explorations in Turkestan, by Raphael Pumpelly, (Publication 
No. 73 of the Carnegie Institution of Washington) : 

The chemical analysis of metallic implements, vol. i, pp 233-240. 

Research Papers, 1875-1886 

1875 

On two new varieties of vermiculites (Josiah P Cooke, Jr., and F. A. 
Gooch) ; Proc Amer. Acad., jo, pp 453-462. 

1876 

Ueber vulkanische Gesteine der Galopagos-Inseln ; Mmeralogische 
Mittheilungen (Tschermak), (1876), pp. 133-140. 

Bemerkungen uber die Pechsteine von Arran; Ibid., (1876), pp. 185-186. 
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1878 

On a new method for the separation and subsequent treatment of pre- 
cipitates in chemical analysis, Proc. Amer Acad j 13, pp 342-347> Amer. 
Chem. Jour.j i, pp 317-323, Chem News, 37, pp 181-183 

1879 

The estimation of phosphoric acid as magnesic pyrophosphate; Proc 
Amer Acad , 13, pp. 53-74, Amer. Chem Jour , i, pp 391-413 
A new form of absorption apparatus for use in estimating ammonia, 
Amc) Chem /oz/r,/. pp 450-451 


1880 

A tubulated crucible for use m estimating volatile products of ignition; 
Amer Chem. Jour , 2, 247-230 , Chem News, 42, pp 326-327. 

1885 

A method of filtration by means of easily soluble and easily volatile 
filters, Proc Amer Acad, 20, pp 390-392, Amer Chem Jour, 7, pp. 
87-90, Chem News, 51, pp, 230-231; Bull. U. S Geol. Sm^v., No 27, 
pp. 27-29 

The separation of titanium and aluminum, with a note on the separa- 
tion of titanium and iron, Proc Amer Acad, 20, pp 435-447, Amer 
Chem Jour ,7, pp. 283-295; Chem. Nezos, $2, pp 55-57, 68-70, Bull. V S. 
Geol. Surv , No. 27, pp 16-26. 

1886 

A method for the separation and estimation of boric acid, with an 
account of a convenient form of apparatus for quantitative distillations , 
Proc. Amer. Acad., 22, pp. 167-176; Bull. U S. Geol. Surv., No. 42, pp. 
64-72; Amer. Chem, Jour , p, pp 23-33; Chem. News, 55, pp. 7-10. 

A method for the separation of sodium and potassium from lithium by 
the action of amyl alcohol on the chlorides, with some reference to a 
similar separation of the same from magnesium and calcium, Proc. Amer. 
Acad., 22, pp. 177-194; Bull. U. S. Geol. Surv., No. 42, pp 73-88, Amer. 
Chem Jour., g, pp. 33-51; Chem. News, 55, pp. 1B-19, 29-30, 40-41, S6-S7- 

78-79. 

Research Papers, 1890-1918 

The following papers all belong to the series of contributions from the 
Kent Chemical Laboratory of Yale University, and were published in 
the American Journal of Science Most of them, as noted below, were 
reprinted in the Chemical News, or (in German translation) in the Zeit^ 
schrift fur anorganische Chemie, or in both journals 
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1890 

A method for the determination of iodine in haloid salts (with P, E. 
Browning), Amer Jour. Sci, 3rd ser, jp, pp 188-201, Jour. Anal 
Chem , 4, pp, 124- 1 39, Chem 61, pp 279-281, 294-298. 

Two methods for the direct determination of chlorine in mixtures of 
alkaline chlorides and iodides (with F. W. Mar) , Amer Jour. Sci , 3rd 
sen, s 9 j PP* 293-302; Jour. Anal. Chem., 4, pp 243-253; Che^n News, 61, 
pp 235-236, 250-251, 258-259. 

A method for the reduction of arsemc acid in analysis (with P. E. 
Browning) , Amer Jour Sci , 3rd ser, 40, pp. 66-71 , Jour. Anal Chem., 4, 
pp 282-287 . Chem News, 62, pp 55-56. 

The direct determination of bromine in mixtures of alkaline bromides 
and iodides (with J. R Ensign) , Amer Jour. Sci , 3rd ser., 40, pp. 

145-152 

A rapid method for the detection of iodine, bromine, and chlorine in 
presence of one another (with F T. Brooks) , Amer Jour. Sci , 3rd ser, 
40, pp 283-290 

1891 

A method for the estimation of chlorates (with C G Smith) ; Amer. 
Jour. Sci, 3rd ser, 42, pp. 220-223, Jour. Ami and AppL Chem., 6, 
pp. 296-299 

A method for the determination of antimony and its condition of oxida- 
tion (with H W Gruener) , Amer. Jour. Sci, 3rd ser, 42, pp. 213-220. 

A method for the separation of antimony from arsenic by the simulta- 
neous action of hydrochloric and hydriodic acids (with E. W. Danner) ; 
Amer. Jour. Scu, 3rd ser., 42, pp. 308-312; Jour. Anal, and Appl. Chem., 
5, pp 639-644; Chem. News, 64, pp. 203-204 
The detection and determination of potassium spectroscopically (with 
T S. Hart) , Amer. Jour. Sci., 3rd ser, 42, pp. 448-459; Jour. Anal, and 
Appl Chem, 6, pp 46-59, Chem. News, 65, pp 22-24, 32-34, 

1892 

A method for the lodometnc determination of nitrates (with H. W. 
Gruener) , Amer. Jour. Sci., 3rd ser., 44, pp. 117-123; Jour. Anal, and 
Appl. Chem 6, pp. 401-408 

Some convenient forms of laboratory apparatus; Amer. Jour. Sci, 3rd 
ser., 44, pp 239-242. 

On certain points in the interaction of potassium permanganate and 
sulphuric acid (with E. W, Danner) ; Amer. Jour. Set., 3rd ser., 44, pp. 

301-310 

The quantitative determination of rubidium by the spectroscope (with 
J. I Phmney) ; Amer. Jour. Set, 3rd ser,, 44, pp. 392-400; Chem. News, 
66, pp. 264-265, 284-286, 
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1893 

On the determination of iodine in haloid salts by the action of arsenic 
acid (with P. E Browning) ; Amer Jour Set, 3rd ser, 4^, pp 334-340, 
Chem. News, 67, pp 200 - 202 , Zetfschr ajwrg Chem , 4, pp 178-185 

1894 

The detection and separation of arsenic associated with antimony and 
tin (with B. Hodge) , Amer. Jour. Sci., 3rd ser , 47, pp 382-385 , Chem, 
News, 70, pp 22-23, Zeitschr. anorg. Chem, 6, pp 268-272 

The detection of alkaline perchlorates associated with chlorides, chlo- 
rates, and nitrates (with D Albert Kreider) , Amer Jout Sci , 3rd ser, 
48, pp 38-40; Cheui News, 70, pp 180-181 ; Zeitschr, anorg Chem, 7, 
pp 13-16 

The generation of chlorine for laboratory purposes (with D. Albert 
Kreider); Amer. Jour. Set., 3rd ser, 48, pp. 166-170; Chem News, 70, 
PP 155-157? Zeitschr. anorg Chem, 7, pp 17-21 

The reduction of arsenic acid by the action of hydrochloric acid and 
potassium bromide (with 1 . K Phelps) ; Amer Jour. Sci., 3rd ser , 48, 
pp 216-218, Chem Netus, 70, pp 307-308; Zeitschr anorg. Chem, 7, 
pp. 123-126. 

The detection and approximative estimation of minute quantities of 
arsenic in copper (with H. P Moseley) ; Amer Jour. Sci., 3rd ser, 48, 
pp. 292-296; Chem News, 70, pp. 207-209, Zeitschr. anorg. Chem, 7, 

pp. 127-131. 

An iodometric method for the estimation of telluric acid (with J. 
Howland) ; Amer. Jour. Sci, 3rd ser., 48, pp 375-378; Chem. News, 70, 
pp. 275-276 ; Zeitschr. anorg. Chem 7, pp. 132-136. 

189s 

The estimation of the halogens in mixed silver salts (with Charlotte 
Fairbanks), Amer Jour. Sci, 3rd ser, 50, pp 27-32; Chem Nezvs, 72, 
pp. 217-219; Zeitschr anorg Chem, p, pp. 349-355 

The determination of selenious acid by potassium permanganate 
(with C. F. Clemons) ; Amer Jour Sci, 3rd ser, 50, pp. 51-54; Chem. 
News, 72, pp. 216-217; Zeitschr. anorg Chem., p, pp 360-364. 

The precipitation and gravimetric determination of carbon dioxide 
(with L K, Phelps) ; Amer. Jour. Sci, 3rd sen, 50, pp. 101-103; Chem. 
News, 72, pp. 194-195; Zeitschr. anorg. Chem, p, pp. 356-359 

The reduction of the acids of selenium by hydriodic acid (with W. G, 
Reynolds) ; Amer. Jour Sci, 3rd ser, 50, pp. 254-258; Chem. News, 72, 
pp. 156-157, Zeitschr anorg. Chem, jo, pp 248-252. 

The reduction of selenic acid by hydrochloric acid (with P. S Evans, 
Jr ) ; Amer Jour Sci , 3rd ser., 50, pp. 400-402, Chem. News, 7?, pp 273- 
274; Zeitschr. anorg Chem., 10, pp. 253-255. 
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The reduction of selenic acid by potassium bromide in acid solution 
(with W S Scoville) ; Amer Jour. ScL, 3rd ser , 50, pp 402-404; Chem. 
News, p 285; Zeitschr. anorg. Chem, 10, pp 256-258. 

1896 

The lodometric determination of selenious and selenic acids (with A- W 
Peirce) , Amer Jour 5*c:i\4th ser, 1, pp 31-34; Chem, News, /4, pp 3-4, 
Zeitschr anorg Chem, JJ, pp 249-253. 

A method for the separation of selenium from tellurium based upon the 
difference in volatility of the bromides (with A. W. Peirce) ; Amer. 
Jour Sci,, 4th ser, i, pp 181-185; Zeitschr. anorg. Chem., 12, pp. 118-123 
The lodometric estimation of molybdic acid (with Charlotte Fairbanks) ; 
Amer Jour Sci , 4th ser, 2, pp 156-162; Zeitschr anorg. Chem, 13, pp 
101-109 

The determination of tellurium by precipitation as the iodide (with 
W. C Morgan) , Amer Jour. Sci, 4th ser, 2, pp 271-272, Che^n News, 
74, pp 189-190, Zeitschr. anorg Chem, 13, pp. 169-171 

A method for the separation of aluminum from iron (with F. S. 
Havens) , Amer. Jour Sci, 4th ser, 2, pp. 416-420; Chem News, 74, pp. 
2g6-2f4y\ Zeitschr anorg Chem , 13, 435-440 

1897 

The estimation of molybdenum lodometrically ; Amer. Jour. Sci., 4th 
ser., 3, pp. 237-240, Chem. News, 75, pp 208-209; Zeitschr. anorg Chem , 
14. PP 317-322 

The application of iodic acid to the analysis of iodides (with C. F 
Walker) ; Amer. Jour. Sci., 4th ser, 3, pp. 293-300, Chem News, 7 Si PP 
196-198; Zeitschr. anorg. Chem., 14, pp. 423-431. 

1898 

The estimation of manganese as the sulphate and as the oxide (with 
Martha Austin) ; Amer Jour. Sci., 4th sen, 5, pp. 209-214; Chem. News, 
7 /, PP- 255-257 ; Zeitschr. morg. Chem., 17, pp. 264-271. 

On the condition of oxidation of manganese precipitated by the chlo- 
rate process (with Martha Austin) ; Amer. Jour Sci., 4th ser., 5, pp. 
260-268; Chem News, 77, pp. 269-270, 278-280; Zeitschr. anorg. Chem., 
17, PP. 253-263 

The lodometric determination of molybdenum (with John T. Norton, 
Jr.) ; Amer. Jour. Sci., 4th ser., 6, pp. 168-175; Chem. News, 78, pp 
207-208, 212-213; Zeitschr. anorg. Chem., 18, pp. 3 12-321. 

On the determination of manganese as the pyrophosphate (with Martha 
Austin) ; Amer. Jour. Sci., 4th sen, 6 , pp. 233-243 ; Chem. News, 78, pp. 
239-242, 246-248; Zeitschr. anorg, Chem., 18, pp. 339-351- 
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1899 

The estimation of bone acid (with Louis Cleveland Jones) ; Amer, 
Jour Sn , 4 th ser, 7, pp 34-40; Chem News, 79, PP 99 - 100, 111-112; 
Zeitschr anorg Chem , ig, pp 417-426 
The constitution of the ammonium magnesium phosphate of analysis 
(with Martha Austin) ; Amer Jour. Sci, 4th ser, 7, pp 187-198; Chem. 
NewSj TP, pp. 233, 244-246, 255-256; Zeitschr anorg. Chem , 20, pp 121-136. 

The volatilization of the iron chlorides in analysis, and the separation of 
the oxides of iron and aluminum (with F. S. Havens) , Amer. Jour. Set, 
4th sen, 7, pp. 370-374; Chem. News, 80, pp. 39-40; Zeitschr anorg. Chem , 
21, pp. 21-27 

The titration of oxalic acid by potassium permanganate in presence of 
hydrochloric acid (with C. A Peters) ; Amer Jour. Sci, 4th ser, 7, pp 
461-467, Chem. News, 80, pp 78-80, 91-92; Zeitschr. anorg. Chem, 21, 
pp. 185-193. 

The determination of tellur ous acid in presence of haloid salts (with 
C A. Peters) , Amer Jour Set, 4th ser, 8, pp 122-126, Zeitschr anorg. 
Chem , 21, pp 405-410. 

The lodometric determination of gold (with Frederick H. Morley) , 
Amer. Jour. Sci., 4th ser, 8 , pp 261-266; Chem. Nezvs, 81, pp 31-33; 
Zeitschr. anorg. Chem , 22, pp 200-206. 

The action of acetylene on the oxides of copper (with DeForest Bald- 
win) ; Amer. Jour. Sci., 4th sen, 8, pp. 354-358, Chem News, 81, pp 7-8; 
Zeitschr anorg. Chem., 22, pp 235-240 

1900 

The lodometnc estimation of arsenic acid (with Julia C Morris) , 
Amer Jour. Sci., 4th ser, 10, pp 151-157, Chem. News, 83, pp. 15-17; 
Zeitschr. anorg. Chem., 23, pp. 227-235. 

1901 

The estimation of molybdic acid reduced by hydriodic acid (with 0 S. 
Pulman, Jr) ; Amer. Jour Sci., 4th sen, 12, pp. 449-452; Zeitschr. anorg. 
Chem., 2g, pp, 353-358. 

1902 

The precipitation of ammonium vanadate by ammonium chloride (with 
R D Gilbert); Amer, Jour. Sci, 4th ser, 14, pp. 205-210; Zeitschr. 
anorg. Chem., 32, pp. 174-180. 

The estimation of bromic acid by the direct action of arsenic acid 
(with J. C. Blake) ; Amer. Jour. Set., 4th sen, 14, pp. 285-292; Chem. 
News, 86, pp. 216-217, 224-225, Zeitschr. anorg. Chem, 33, pp. 96-104. 

The reduction of vanadic acid by the action of hydrochloric acid (with 
L. B. Stookey) ; Amer. Jour Sci., 4th ser, 14, pp 369-376, Chem. News, 
^7, PP 133-136; Zeitschr anorg Chem , 32, pp. 456-463. 
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1903 

The use of a rotating cathode in the electroljiiic determination of the 
metals (with H E Medway) , Amen Jour Sci, 4th ser, 75, pp 320-323 , 
Chem News, 8/, pp 284-286, Zeitschr anorg. Chem,, pp. 414-419. 

The use of the zinc reductor in the estimation of vanadic acid (with 
R D Gilbert) ; Amer Jour Sci, 4th ser., 15, pp 389-391 , Chem News, 
^ 7 > PP 265-266 , Zeitschr anorg. Chem , 3s, pp 420-423 

1904 

The action of the halogen acids upon \anadic acid (with R W. Curtis) , 
Amer Jour. Sci., 4th ser., 77, pp. 41-48, Zeitschr anorg Chem., 38, pp. 
246-255 

The behavior of typical hydrous chlorides when heated in hydrogen 
chloride (with F M McClenahan) , Amer. Jour Sci , 4th ser., 77, pp, 365- 
376; Zeitschr. anorg. Chem , 40, pp 24-38 

1905 

The handling of precipitates for solution and reprecipitaton ; Amer. 
Jour. Set , 4th ser., 20, pp 11-12; Chem. News, 92, p, 64;Zeitschr. anorg. 
Chem , 46, pp. 208-210. 

1906 

The separation of arsenic from copper as ammonium-magnesium arseni- 
ate (with M. A. Phelps) ; Amer Jour Sci, 4th ser., 22, pp. 488-492; 
Zeitschr. anorg Chem., $2, pp 292-298 

1907 

A method for the estimation of iron in presence of titanium (with H D 
Newton) ; Amer. Jour. Sci., 4th ser., 23, pp. 365-367; Chem. News, g6, 
pp. 148-149, Zeitschr. anorg. Chem., S 4 , PP 213-216 

The iodometne determination of copper (with F. H. Heath) ; Amer. 
Jour. Sci, 4th ser., 24, pp 65-74, Chem. News, 97, pp. 174-176, 187-188; 
Zeitschr. anorg Chem., SS, PP 1 19-129. 

The reaction between potassium aluminum sulphate and a bromide- 
bromate mixture (with R W. Osborne) , Amer Jour. Sci , 4th ser,, 24, 
pp. 167-172; Chem. News, 97, pp. 102-104; Zeitschr. anorg. Chem, 55, 
pp 188-194 

1908 

The reduction of vanadic acid by zinc and magnesium (with Graham 
Edgar) ; Amer. Jour. Sci., 4th ser , 25, pp. 233-238 ; Chem. News, g8, 
pp. 2-4 ; Zeitschr. anorg. Chem., 5 ^, PP- 39-45 

The use of the filtering crucible in electrolytic analysis (with F. B. 
Beyer); Amer. Jour. Sci., 4th ser, 2$, pp 249-255; Zeitschr. ctnorg 
Chem , 58, pp. 65-72. 
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The separation of magnesium from the alkalies by alcoholic ammonium 
carbonate (with Ernest A Eddy) ; Amer. Jour Sci , 4th ser , 2^, pp 
444-448; Chem Newsj py, pp. 280-282, Zeitschr. anorg. Chem , $8, pp 
427-432. 

The estimation of chromium as silver chromate (with L H Weed) , 
Amer. Jour. Sci., 4th ser, 26, pp 85-86, Chem News, 98, pp. 101-102, 
Zeitschr anorg Chem , 59, pp. 94-96 

1909 

The electrolytic estimation of lead and of manganese by the use of the 
filtering crucible (with F B Beyer), Amer. Jour Sci, 4th ser, 2^, 
pp. 59-64 ; Zeitschr anorg, Chem., 61, pp 286-292. 

The gravimetric determmation of silver as the chromate (with Rowland 
S. Bosworth) ; Amer Jour. Sci,/^ih ser , 27, pp 241-244; Chem News, Joo , 
pp. 50-51, Zeitschr anorg, Chem., 62, pp. 69-73 

A method for the lodometnc estimation of silver based upon the use 
of potassium chromate as a precipitant (with Rowland S Bosworth) , 
Amer. Jour. Sci , 4th ser, 27, pp. 302-304; Chem. News, 100, pp 3 i 7 - 3 i 5 » 
Zeitschr. anorg. Chem , 62, pp. 74-76. 

The precipitation of copper oxalate m analysis (with H L. Ward) , 
A'iner Jour Sci., 4th ser, 27, pp 448-458, Zeitschr anorg Chem, 62, 

pp. 348-359 

The gravimetric determination of free iodine by the action of metallic 
silver (with Claude C. Perkins) ; Amer. Jour. Sci, 4th ser., 28, pp 33-39,’ 
Chem, News, loo, pp. 308-310, Zeitschr. anorg. Chem., 63, pp. 318-324. 

The phenomena of the electrolytic decomposition of hydrochloric acid 
(with F. E. Gates) ; Amer Jour Sci, 4th ser, 28, pp 435-446; Zeitschr 
anorg. Chem., 64, pp. 273-286. 

The electrolytic determination of chlorine in hydrochloric acid with the 
use of the silver anode (with H. E Read) ; Amer. Jour. Sci., 4th ser., 28, 
pp. 544-552; Zeitschr. anorg. Chem , 64, pp. 287-297. 

1911 

The estimation of silver by electro-deposition from an ammoniacal 
solution of the oxalate (with J. P Feiser) , Amer. Jour Sci , 4th ser., 
31, pp. 109-111, Chem News, 104, pp 93-94; Zeitschr. anorg. Chem., 
70, pp. 294-296. 

The separation and estimation of barium associated with calcium and 
magnesium, by the action of acetyl chloride in acetone upon the mixed 
chlorides (with C N Boynton) , Amer. Jour Sci ^ 4th ser , 31, pp. 212-218; 
Chem. News, log, pp- 123-125; Zeitschr. anorg. Chem., 70, pp. 400-407. 

The use of sodium paratungstate in the determination of carbon dioxide 
in carbonates and nitrogen pentoxide in nitrates by loss on ignition (with 
S. B. Kuzirian) ; Amer. Jour. Sci., 4th ser., 31, pp. 497-500; Chem News, 
104, pp. 170-171; Zeitschr. anorg. Chem., 71, pp 323-327. 
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1912 

Electrolytic analysis viith platinum electrodes of light weight (with 
W. L Burdick); Amen Jour Sci.^ 4th ser., 34, pp, 107-112, Zeitschr. 
anorg. Chem., 78, pp 213-220 

The iodic acid process for the determination of bromine m halogen 
salts (with P. L. Blumenthal) , Amer. Jour. Sci., 4th sen, pp 469- 
474, Cheni. NewSj 107, pp 138-140, Zeitschr. anorg Chem., ^0, pp 36-42. 

1913 

The use of selenic acid in the determination of bromine associated with 
chlorine m haloid salts (with P. L. Blumenthal) ; Amer. Jour. Sci., 4th 
sen, S5 j PP 54-62; Zeitschr anorg Cheni, 80, pp 161-170. 

The purification of barium sulphate precipitated in the determination of 
barium (with D. U. Hill) ; Amer. Jour Sci , 4th ser, pp 311-314, 
Chem. News, log, pp. 195-196; Zeitschr. anorg. Chem., 80, pp. 397-401. 

The dehydration and recovery of silica in analysis (with F. C. Reckert 
and S B. Kuzirian) ; Amer. Jour. Sci , 4th ser., 36, pp 598-604; Chem. 
News, no, pp. 202-204; Zeitschr. anorg. Chem, 83, pp. 23-30. 

1914 

The use of telluric acid m the determination of bromine associated with 
chlorine in haloid salts (with H. Isabelle Cole); Amer. Jour. Sci, 4th 
ser, 37, pp 257-262; Zeitschr anorg. Chem, 86, pp. 401-406. 

1917 

Electrolytic analysis with small platinum electrodes (with Matsusuke 
Kobayashi) , Amer. Jour. Sci, 4th ser, 43, pp 391-396. 

The use of the platinized anode of glass in the electrolytic determination 
of manganese (with Matsusuke Kobayashi) ; Amer. Jour. Sci., 4th sen, 

44 . pp. 53-56. 

The perchlorate method for the determination of the alkali metals (with 
G R. Blake) ; Amer. Jour. Sci, 4th ser, 44, pp 381-386, Chem News, 
1x7. pp. 1P6-198. 

The oxidimetric determination of thorium precipitated as the oxalate 
(with Matsusuke Kobayashi) ; Amer. Jour. Sci , 4th ser., 45, pp 227-230. 

The gravimetric and volumetric determination of fluorine precipitated as 
thorium fluoride (with Matsusuke Kobayashi) , Amer Jour Sci., 4th sen, 

45. pp. 370-376 , Chem News, 117, pp 255-257. 

The application of rapidly rotating metallic reductors in the determina- 
tion of vanadic acid (with Walter Scott) ; Amer. Jour. Sci , 4th sen, 46, 

pp 427-43^5. 

A method for the separation and determination of barium associated 
with strontium (with M. A Soderman) ; Amer. Jour. Sci., 4th sen, 46, 
PP 538-540. 
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FRANK WIGGLESWORTH CLARKE 
March 19, 1847, to May 23, 1931 
BY I.. M. DENNIS 

Some two centuries ago, Robert Clarke, a member of the 
Scotch colony near Londonderry, Ireland, came to this country 
and settled in Londonderry, New Hampshire, about 1725. A 
grandson of Robert, Samuel Clarke, was a Unitarian Minister 
located first at Princeton, and later at Uxbridge, Massachusetts. 
A son of Samuel Clarke, Henry W. Clarke, married Abby Fisher, 
and their son, Frank Wigglesworth Clarke, the subject of this 
memoir, was born in Boston on March 19, 1847 Professor 
Clarke's grandmother on his father's side was Sarah Wiggles- 
worth, granddaughter of Col. Edward Wigglesworth of Wash- 
ington's army, and great-great-granddaughter of Michael Wig- 
glesworthj the author of the “Day of Doom," a Puritanical poem 
that was popular in the i8th century Michael was descended 
on the mother's side from Anthony Fisher, who settled in Ded- 
ham, Massachusetts, about the middle of the 17th century. 

Professor Clarke's father, Henry, was first a hardware mer- 
chant in Boston, and later a dealer in iron-working machinery. 
His mother died when he was about ten days old, and Clarke's 
earliest childhood was spent with his grandfather at Uxbridge. 
In 1851 his father married again and lived for about eight years 
in Woburn, ten miles from Boston. He later removed to 
Worcester, but returned to Boston in 1866, making it his home 
in the suburb of Watertown, where he resided until his death in 
1907. 

From 1857 to 1869 Frank's time was mainly divided between 
his father's home and that of his grandmother Fisher in Boston. 
As a result of this frequent moving about, his early education 
was disconnected. He began his regular schooling in Woburn, 
was then for sometime at Uxbridge, and following a year or 
two in a boarding school at Stoughton, Massachusetts, he at- 
tended several different schools in Boston. After a year in the 
Boston Latin School he went to the English High Sdiool, and 
in March 1865 he entered the Lawrence Scientific School of Har- 
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vard University, where he took up the study of Chemistry under 
Wolcott Gibbs, receiving the degree of B. S. in 1867. 

But as Professor Clarke was wont to say, “formal schooling is 
only a small part of education/' He learned to read before he 
went to school, and he thought that he picked up his letters from 
blocks that had been given to him for playthings Even before 
entering his first school at Woburn he was reading Robinson 
Crusoe and the Arabian Nights. He recalled that at Woburn 
he was particularly interested m Colburn’s mental arithmetic, 
from which he derived valuable training. Problems were given 
out which had to be clearly stated by the student and then orally 
solved in a logical manner. Clear reasoning was required, and 
he felt that that training stood him in good stead throughout his 
life He was early interested in geography, but he greatly dis- 
liked the study of grammar, although he was a very accurate 
speller, an accomplishment that he thinks was developed by his 
omnivorous reading, in which he was later given opportunity to 
indulge through access to the public library in Boston. 

Like all healthy boys he greatly enjoyed outdoor sports, such 
as swimming, boating, and fishing, and he early developed the 
collecting instinct, being interested in Loms, pressed flowers, and 
especially in minerals. His interest in minerals seems to have 
dated from the time when a yisitoj: at bis grandfather’s gave him 
a pebble of chlorastrolite. This was the beginning of a small 
mineral collection and his interest in mineralogy. As a youth he 
visited the well-known mineral deposits at Lancaster and Boul- 
ton, ^jjd^assachusetts, and on this and other excursions he learned 
much concerning the natural occurrences of minerals. 

, His interest in chemistry seems to have sprung from the 
perusal of a copy of “The Boys' Own Book" which was given 
to him when he was about eleven years old. The section on 
chemical experiments fascinated him, and a few years later, in 
association with some of his playmates, he got together a small 
supply of cheap apparatus and chemicals with which they had, 
as he expressed it, some successes and many failures. But in 
this boyish study he acquired some knowledge of manipulation 
of apparatus which was of value to him when he later entered 
the Lawrence Scientific School. 
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Allied to his interest in making collections of specimens was 
his bent for arranging his information in tabulated form. When 
he was about eight years old he was given a copy of Mayne 
Reid's “Boy Hunters” in which many birds and plants were 
described Fascinated by their names, he carefully tabulated 
their characteristics without any suggestions from older people 
This instinctive urge to tabulate data led m later days to the 
production of some of his most important and valuable scientific 
work. 

After graduation from the Lawrence Scientific School m 
1867, he remained there for an additional year to carry on re- 
search, and in March 1868 he published his first scientific paper, 
“A New Process in Mineral Analysis.” During that year he 
also lectured on chemistry in the newly established Boston 
Dental College. In January 1869 Clarke went to Cornell Uni- 
versity as assistant to Professor J. N. Crafts and remained 
there until the close of the academic year. While at Cornell he 
found much pleasure in exploring the many ravines near Ithaca 
and wrote a guide book to that region which was published by 
a local concern. He also there worked out an excellent method 
for separating tin from antimony. 

The next four years were spent in a rather itinerant man- 
ner — lectures in the Boston Dental College, in a private school, 
and in some popular courses, reporting T3mdairs Lowell Insti- 
tute Lectures for the Boston Advertiser ^ journalistic work, arti- 
cles to several magazines, and occasional verses — ^anything to 
add to his small income. 

He did not, however, neglect his scientific work. In 1873 he 
wrote for the Popular Science Monthly an article entitled “Evo- 
lution and the Spectroscope,” pointing out that the evolution of 
planets from nebulae had been accompanied by the evolution of 
the chemical elements from their simplest forms. A “Table of 
Specific Gravities, Boiling Points, and Melting Points of Solids 
and Liquids” was accepted for publication by Joseph Henry, 
Secretary of the Smithsonian Institution, who made it the first 
of a series of articles to which he gave the name “Constants of 
Nature.” This was later followed by other similar tables, sev- 
eral of them by Clarke, and one by G. P. Becker. In 1873 he 
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received appointment, largely through the influence of Professor 
Henry, to the Professorship of Chemistry, Physics, etc., at 
Howard University in Washington In the following year he 
married Mary P Olmsted, of Cambridge, Massachusetts, and 
in September he went to the University of Cincinnati as Pro- 
fessor of Chemistry and Physics, where he remained for nine 
years. 

At Cincinnati his duties at first were largely routine, but he 
soon equipped a small but satisfactory laboratory and published 
several investigations. It was while there that he wrote his 
noteworthy article on the “Recalculation of the Atomic Weights” 
which appeared as one of the series of the “Constants of Nature” 
of the Smithsonian Institution. 

In 1883 Clarke was appointed Chief Chemist to the United 
States Geological Survey at Washington, and Honorary Curator 
of Minerals of the United States National Museum, and these 
positions he held until his retirement on December 31, 1924. 

The work in the Survey was of the most varied character, 
comprising many routine analyses to assist geologists, analyses 
of waters of the Yellowstone Park, and of igneous rocks and rare 
minerals. Personally he carried out investigations in the field of 
Geochemistry, and he always regarded his researches in this 
field as his most important scientific contributions. The results 
were summarized m his volume “The Data of Geochemistry,” 
which ran through five editions issued as Survey Bulletins. 

Apart from his regular duties as Chemist for the Survey, 
Clarke was called upon for service m connection with the govern- 
ment exhibitions at several expositions, and at the close of the 
Paris Exposition in 1900 the French Government awarded him 
the decoration of chevalier of the Legion d'Honneur. 

In 1903 the centenary of Dalton's Atomic Theory was cele- 
brated at Manchester, England, and on that occasion Clarke de- 
livered the Wilde lecture and received the Wilde medal. In 
1909 he delivered before the Chemical Society of London a lec- 
ture in memory of Wolcott Gibbs, his former teacher. Many 
universities conferred upon him honorary degrees and he was 
associated, either as member or as honorary member, with many 
scientific societies in this country and in Europe. 
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Not long- after the appearance of the first edition of Dr. 
Clarke’s ‘‘Recalculation of the Atomic Weights/’ three similar 
but less complete revisions were published in Europe, by Meyer 
and Seubert and by Ostwald in Germany, and by Sebelin in 
Norway The American Chemical Society, recognizing the fun- 
damental importance, both to scientific research and to the chem- 
ical industries, of correct data concerning the atomic weights of 
the elements, appointed Dr. Clarke a committee of one to pre- 
pare an annual report on the subject, and annually to compile a 
table of atomic weights for official use in this country. His first 
report was presented to the Society at the Baltimore meeting in 
December, 1893. 1897 the need for an official table of atomic 

weights for German analysts was brought before the German 
Chemical Society, and a committee of three, Landolt, Ostwald 
and Seubert, was appointed to consider and report upon the 
question, which they did on October 31, 1898. They used Oxy- 
gen = 16 as the basis for the atomic weights, a value that Clarke 
had provisionally adopted for his table of 1893. In their report 
Landolt called attention to the desirability of international agree- 
ment concerning these values, and the German Committee issued 
on March 30, 1899 invitation to the Chemical Societies and 
similar organizations of the United States and the leading coun- 
tries of Europe to nominate members of an International Com- 
mittee The Committee thus created consisted of more than 
fifty members, the representatives of the American Chemical 
Society being J. W. Mallett, E. W. Morley, T. W. Richards, 
E F. Smith, and F W. Clarke, Chairman. 

It was soon found that this large committee was too unwieldy 
for efficiency, for its work had to be carried on by correspond- 
ence which caused long delay in the preparation of its report. 
For this reason the members of the Committee from the Ger- 
man Chemical Society addressed to the members of the large 
Committee the question as to whether the periodic preparation 
of a table of Atomic Weights should be placed in the hands of 
a much smaller committee. The answers to this inquiry being 
strongly in the affirmative, the members were asked to send in 
nominations for a committee of three. Those receiving the 
highest number of votes were F. W Clarke, America, T. E. 
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Thorpe, England, and K. Seubert, Germany. Clarke was asked 
to act as chairman of the committee, a position that he held until 
1918 when the World War caused the temporary discontinuance 
of the International Committee. 

One of Dr. Clarke's greatest services to chemistry in this 
country was in connection with the creation of the American 
Chemical Society. Up to 1873, chemistry had been given but 
scant attention in the meetings of the American Association for 
the Advancement of Science In that year, at the meeting at 
Portland, Maine, four young men, C E. Munroe, W. McMur- 
trie, H. W. Wiley and F W. Clarke, presented a request that 
chemistry be more adequately recognized by the formation of a 
subsection of chemistry, now Section C. The request was 
granted, and the section held a successful meeting at Hartford in 
the following year In 1876 the chemists of New York City 
organized a local society to which they gave the name American 
Chemical Society, and some eight years later another local 
society of chemists was formed in Washington. The American 
Association met at Cleveland in 1888, the chairman of the chemi- 
cal section at that time being Dr. C. E. Munroe Dr Clarke 
wrote to him and suggested the formation of a really national 
Chemical Society. Dr. Munroe favored the idea, and after 
some three years of discussion of the project, in which Dr. 
Clarke took an active part, a compromise proposal of the New 
York Society was adopted. This was, that if the chemists of 
the country would accept the name and charter of the New 
York organization, that society would form a local section of a 
truly national society, the Washington society to take the same 
action. This national society has now become the largest chemi- 
cal society, in the world, with eighty sections and nearly 19,000 
members Dr. Clarke was elected to the presidency of the 
society in 1901. 

The numerous articles from his pen upon a wide variety of 
subjects that appeared in divers journals and magazines furnish 
abundant evidence of the breadth of his interest and the scope of 
his knowledge and of his gift of felicitous and convincing ex- 
pression. 
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He was one of the most kindly and lovable of men, simple in 
his tastes and modest and unassuming. His sense of humor and 
ready wit gave to his conversation a delightfully piquant flavor 
and it was a most entertaining experience, which the writer 
often had the privilege to enjoy, to listen to his reminiscences, 
sometimes keenly critical, sometimes highly amusing, but alwa;^s 
sympathetically appreciative, of the noted men whom he had 
known and of their scientific work. His was a long life, a happy 
and useful life, a life of helpfulness to others and of high achieve- 
ment. 
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PUBLICATIONS BY 

FRANK WIGGLESWORTH CLARKE 

compiled by LUCIA K. WILLIAMS 

1868 

On a new process m mineral analysis ; Contributions to Chemistry from 
the Laboratory of the Lawrence Scientific School, no. 5 Am Jour. Sci , 
2d ser , 4S, pp, 173-180, 1868. Also, reprinted in Am. Chemist, 5, p. 206, 

1874 

1869 

A qualitative separation of cobalt and nickel, Am. Jour Sci, 2d ser,, 
48, pp. 67-68, 1869 

Upon the atomic volume of liquids; Am Jour. Set, 2d ser, 4/, pp 180- 
191, 1869, 

Upon the atomic volume of the elements, Am. Jour Sci , 2d ser., 47, 
pp, 308-318, 1869 

Views around Ithaca, New York Being a description of the water- 
falls and ravines of this remarkable locality; 155 pp (Pages 139-145, 
146-152, 153-155, were inserted by the editor ) 

1870 

An examination of the doctrine of atomicities, Am. Chemist, i, no 5, 
pp. 161-163, Sept. 23, 1870 (Read at the Troy meeting of the Am. Assoc 
for the Adv. of Science ) 

How to play solitaire, Riverside Mag., Feb, 1870 
On a new method of separating tin from arsenic, antimony and molyb- 
denum; Arn. Jour. Set, 2d ser, 49, pp 48-51, 1870. 

Quack chemists, Old and New, Nov., 1870. 

Upon the atomic volumes of solid compounds, Am Jour. Sci , 2d ser., 
SO, pp, 174-183, 1870 

1871 

Anaesthetics, Dental Cosmos, Boston, June, 1871 
A drop of water; Our Young Folks, June, 1871 
A lump of charcoal; Our Young Folks, Jan., 1871. 

1872 

Arsenic eaters ; Appleton's Journal, Feb. 10, 1872. 

Ghosts and ghost seeing; Old and New, Sept., 1872, 

Scientific dabblers ; Pop. Sci. Monthly, 1, no. 5, pp. 594-600, Sept., 1872. 
A talk about electricity; Oliver Optic's Mag , Oct,, 1872, 

What the stars are made of ; Our Young Folks, Feb., 1872 
The Young Men’s Christian Union and the Western Fires; Old and 
New, Feb, 1872 
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1873 

The constants o£ nature, Pt i — Specific gravities; boiling and melting 
pomts, and chemical formulae, Smith. Misc Collections, no. 255, 247 pp., 
Dec,, 1873. 

The controversy between religion and science , The bidex, Apr. 12 and 

19, 1873. 

An essay upon the preservation of wood from decay (prize essay) ; 
Pub'd as a Boston City Document, July, 1873 
Evolution and the spectroscope; Pop. Sci. Monthly, 2, no. 9, pp. 320-326, 
Jan , 1873. 

The heat of the sun; Appleton* s Jour, May 17, 1873. 

Spontaneous combustion; Appleton* s Jour , Jan 18, 1873. 

Travelling m the air; Our Yoimg Polks, Oct, 1873. 

1874 

(Eist of publications on chemistry by F. W. Clarke for the years 1868- 
1874) ) Ayn. Chem , S, p. 206, Dec., 1874. 

On the molecular heat of similar compounds (abstract appears in Bull, 
of Philos. Soc of Wash., i, pp. 104-105, 1874) ; Am. Jour. Sci., 3d scr., 
pp 340 ' 343 , 1S74 

On the molecular volume of water of crystallization; Am Jour. Sci., 
3d ser , pp 428-432, 1874 

The reconstruction of a fish’s tail ; Am. Naturalist, pp. 363-364, June, 

1874 

1875 

Cheniistry of three dimensions (read at the Detroit meeting of the Am. 
Assoc Adv. Sci ) ; Am. Chemist, 6, no. 3, pp 81-84, Aug., 1875. Also: 
Proc Am. Assoc Adv, Sci., Detroit meeting, pp 99-107, Aug., 1875. 

Correspondence A letter to the Editor of Pop. Sci. Monthly, a plea 
for a subsection of chemistry in the Proc. of the Am. Assoc for Adv, Sci. ; 
Pop. Sci. Monthly, 7, no 39, P* 3 ^ 5 , July, 1875. 

Electric fishes; Penn. Monthly, Nov., 1875. 

The future of chemistry; Pop. Sci. Monthly, 6, no. 33, pp, 276-281, 
Jan, 187s 

The higher education; Pop. Sci. Monthly, 7, no 40, pp. 402-410, Aug, 

1875 

Weights, measures, and moneys of all nations , Appleton and Co,, N. Y., 

1875 

1876 

American colleges versus American science; Pop Sci. Monthly, 9, 
pp. 467-479, Aug., 1876. 

Are the elements elementary? Pop. Sci. Monthly, 8, no. 46, pp 463-47I) 
Feb., 1876 

Catholic colleges; New York Independent, Apr 17, 1876. 
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The constants of nature, ist supplement to Pt i — Specific gravities ; 
boiling and melting points ; and chemical formulae; Smith Misc Pub , no. 
288, 61 pp , Apr., 1876. 

The constants of nature, Pt II— Table of specific heats for solids and 
liquids , Smith. Misc Pub , no 276, 14, 58 pp , Apr , 1876 

The constants of nature, Pt III — ^Tables of expansion by heat for solids 
and liquids; Smith Misc Pub, no 289, 14, 58 pp , Apr, 1876 

1877 

An ascent of Scar Ridge, by F W Clarke and Gaetano Lanza, Appala^ 
chia, j, pp. 247-252, 1877. 

Educational eccentricities, The Nation, Jan 25, 1877 

Laboratory endowment. Pop Sci. Monthly, 9, no 60, pp 7^9^736, 
Apr, 1877. 

Note on mineral analysis (No i of Laboratory Notes from the Uni- 
versity of Cincinnati) , Am. Jour Set , 3d ser., 13, p. 290, 1877. 

Note upon some fluorides (No 2 of Laboratory Notes from the Uni- 
versity of Cincinnati) Jour Set, 3d ser, 15, pp 291-292, 1877. 

Note on molecular volumes (No 3 of Laboratory Notes from the 
University of Cincinnati) ; Am. Jour Set , 3d ser, 13, pp, 292-295, 1877. 

On the iodates of cobalt and nickel (No 4 of Laboratory Notes from 
the University of Cincinnati) , Am Jour. Set, 3d ser, 14, p 280, 1877. 

Some specific gravity determinations (No 5 of Laboratory Notes from 
the University of Cincinnati), Am Jour Set, 3d ser, 14, pp 281-286, 

1877. 

An analysis of sylvmite from Colorado (No 6 of Labora+orv Notes 
from the University of Cincinnati) ; Am Jour Sci, 3d ser , 14, p 286, 

1877 

Specimens of educational literature, Pop. Set Monthly, ii, no. 66, 
PP- 713-721, Oct., 1877. 

Trips about the Franconian Mountains (address made at the 4th field 
meeting of the Appalachian Mtn Club, held at the Fabyan House, White 
Mtns., N H, July 24, 1877, See Appalachia, i, p 301, 1877 

1878 

Bald Mountain, Cincinnati Gazette, July 20, 1878. 

The Bald Mountain Mystery, a volcano only in imagination; New York 
Tribune, July 19, 1878 

The chemistry of space, Scienee News, Nov i, 1878. 

The cultivation of chemistry, Proc. Am Assoc. Adv Sci, 1878 

On some seleniocyanates (No. 7 of Laboratory Notes from the Um- 
verlity of Cincinnati) ; Am. Jour. Sci, 3d ser., x6, pp. 199-200, 1878, 

On the electrol3rtic estimation of mercury (No. 8 of Laboratory Notes 
from the University of Cincinnati) ; Am. Jour. Sci, 3d ser, 16, pp 200- 
201, 1878. 
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Some specific gravity determinations (No. g of Laboratory Notes from 
the University of Cincinnati) , Am. Jour. Sci ^ 3d ser,, 16, pp. 201-206, 1878 
Scientific courses of study, Pop Sc2. Monthly, 13, no. 74, pp. 187-197. 
June, 1878. 

1879 

Barometric observations of heights among the White Mountains; 
Appalachia, 2, pp 127-132, 1879. 

On some new salts of aniline, by Miles Beamer and F W, Clarke (No. 
10 of Laboratory Notes from the University of Cincinnati) ; Aiyi. Jour. 
Set, I, nos 2 and 3, pp. 151-153, June, 1879 Chem. Soc Jour., x, 

p 286, 1879. 

Note on lithium picrate, by Miles Beamer and F W. Clarke (No ii of 
Laboratory Notes from the University of Cincinnati) ; Am. Chem. Jour., i, 
nos 2 and 3, pp 153-154, June, 1879. Am Chem. Soc. Jotir., i, no 7, 
p. 286 

Lockyer’s recent discoveries , Science News, Feb. 15, 1879. 

A preliminary notice of the revision of the atomic weights (A paper 
presented before the Subsection of Chemistry of Am Assoc Adv Sci., 
at the Saratoga meeting, Aug 30, 1879 This paper is reviewed in Am. 
Chem Jour., i, no 4, pp 295-296, Oct, 1879.) 

A trip to North Carolina ; Appalachia, 2, pp. 14-28, Apr 9, 1879. 

18&) 

The constitution of the tartrates of antimony, by F. W. Clarke and 
Helena Stallo (No 15 of Laboratory Notes from the University of Cincin- 
nati) ; Am. Chem. Jour., 2, no. 5, pp. 319-329, Nov., 1880. 

Graphite from Ducktown, Tennessee, by F. W Clarke and W L Dudley 
(No 18 of Laboratory Notes from the University of Cincinnati) ; Am. 
Chem Jour., 2, no 5, pp 331-332, Nov, 1880. 

On a new variety of tetrahedrite, by F. W. Clarke and Mary E. Owens 
(No 13 of Laboratory Notes from the University of Cincinnati) ; Am. 
Chem. Jour., 2, no. 3, p. 173, June, 1880 
Specific gravity determinations (No. 14 of Laboratory Notes from the 
University of Cincinnati) ; Am Chem. Jour., 2, no. 3, pp 174-175, June, 
1880. 

On the relative stability of certain organic salts, by Miles Beamer and 
F. W. Clarke (No 16 of Laboratory Notes from the University of Cincin- 
nati) , Am. Chem. Jour , 2, no. 5, pp. 329-330, Nov, 1880. 

Some new salts of uranium, by F. W Clarke and Mary E- Owens (No. 
17 of Laboratory Notes from the University of Cincinnati) ; Am. Chem 
Jour , 2, no. 5, p. 331, Nov., i^. 

“My Fire,’" poem ; Pop. Sci Monthly, 17, no. 3, pp. 321-324, July, 1880, 
The subsection of chemistry at Boston (of the Am. Assoc, for Adv. 
Sci.) ; Am. Chem. Jour., 2, no. 4, pp. 274-279, Oct, 1880. 

A talk about lightning; Kansas City Review, May, 1880. 
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l88l 

An abstract of the results obtained in a recalculation of the atomic 
weights; Am. Chem Jour., 3, no 4, pp 263-275, Oct, 1881 
The adulteration of food; Cincimmti Commercial, Apr. 21, 1881 
The advantages of ignorance; Pop. Sci Monthly, 18, no. 3, pp. 337"339j 
Jan, 1881 

The chemists at Cincinnati (an account of the meeting of the Am Assoc 
Adv. Sci, Aug 17, 1881, at Cincinnati); Am Chem Jour, 3, no 4, 
pp. 291-297, Oct, 1881 

Some double and triple oxalates containing chromium (No. 20 of Lab- 
oratory Notes from the University of Cincinnati) ; Am Chem, Jour , 3, 
no 3, PP 197-201, June, 1881. 

The titration of tartaric, malic and citric acids with potassium per- 
manganate. Preliminary note (No 21 of Laboratory Notes from the 
University of Cincinnati) , Am. Chem Jour., 3, no 3, pp 201-203, June, 

1881. 

Some new compounds of platinum (No 24 of Laboratory Notes from 
the University of Cincinnati) , Am Chem. Jour 3, no 5, pp. 350-351, 
Dec., 1881. 

On some salts of chromium and mercury (No. 25 of Laboratory Notes 
from the University of Cincinnati) ; by F W Clarke and David Stem ; 
Am. Chem Jour, 3, no. 5, pp 351 - 354 , Dec., 1881 
Report on the teachng of chemistry and physics in the United States ; 
U. S. Bureau of Education Circular No 6, 219 pp., Wash , Gov’t Print 
Office, 1881. 

The Ohio colleges; Boston Advertiser, Feb 5, 1881. 

1882 

The appointment of college officers; Fop. Sci. Monthly, si, no. 2, pp. 
171-178, June, 1882. 

The atomic weight of lanthanum and didymium; Am. Chem. Jour., 4, 
no. I, p. *76, Apr., 1882. 

The constants of nature, Pt. 5 — Recalculation of the atomic weights, 
Smith, Misc. Pubs No. 441, 271 pp , 1882. 

A new mineral from Colorado (No. 26 of Laboratory Notes from the 
University of Cincinnati) ; Am. Chem. Jour,, 4, no. 2, pp 140- 142, June, 

1882. 

1883 

An essay upon the preservation of wood from decay (prize essay, pub- 
lished originally as a Boston City Document; republished m Proc. Ohio 
Mechanics Institute); Boston City Document, July, 1873; Proc, Ohio 
Mechanics Inst, z, no. i, pp, 12-22, March, 1883, 

On some phosphides of iridium and platinum, by F W. Clarke and 0 . T. 
Joslin (No. 27 of Laboratory Notes from the University of Cincinnati) , 
Am. Chem. Jour, 3, no. 4, PP. 231-235, Sept., 1883, 
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On cadmium iodide, by F W Clarke and E A Kebler (No 28 of Lab- 
oratory Notes from the University of Cincinnati) ; Am. Chem. Jour, 5, no. 
4» PP 235-240, Sept., 1883. 

Some specific gravity determinations (No. 29 of Laboratory Notes from 
the University of Cincinnati) ; Am Chem Jour., 5, no 4, pp. 240-241, 
Sept, 1883. 

Researches on the tartrates of antimony, by F. W. Clarke and Chas. Seth 
Evans (No. 30 of Laboratory Notes from the University of Cincinnati) ; 
Am Chem Jour, 5, no 4, pp, 241-250, Sept, 1883. 

1884 

Elements of chemistry; Appleton, N. Y., 369 pp., 1884. 

Mineral notes from the Laboratory of the U S. (jeological Survey; 
Am Jour. Sci, 3d ser, 28, pp 20^25, 1884 
The periodic law of chemical elements, Philos. Soc. Wash. Bull, 
pp 15-16, Feb. 16, 1884. 

Remarks on chemical theories of vokanism; Philos. Soc. Wash. Bull. 
6, p 93, 1884. 

A report on work done in the Washington laboratory during the fiscal 
year 1883-1884, by F. W. Clarke and T, M. Chatard, U. S- O. S. Bull, p, 
40 pp , 1884. 


1885 

An attempt at a theory of odor; Philos. Soc. Wash Bull., < 5 , pp. 27-28, 
Nov 7, 1885. 

The Flood Rock explosion; Philos. Soc. Wash Bull., 8, p. 28, Nov. 7, 
1885. 

Mica; in U. S. G S. Mineral Resources, 1883-84, pp 906-912, 1885, 
Science in politics ; Pop, Sci. Monthly , 26, no. 5, pp. S77"586, 1885. 
Topaz from Stoneham, Maine, by F. W. Clarke and J. S- Diller (com- 
municated at the 264th meeting of the Philos. Soc of Wash , jointly with 
J. S. Diller) ; Am, Jour, Sci., 3d ser , 29, pp 278-264, 1885. Philos. Soc. 
Wash. Bull 8, p 5, 1885. 


1886 

The Minerals of Litchfield, Maine, Am. Jour, Sci., 3d ser,, 31, pp. 262- 
272, 1886. 

The relations of the Government to chemistry (annual address of the 
President, F. W, Clarke, of the Chemical Society of Washington) ; Chem. 
Soc. of Wash. Bull, no, i, Jan. 12, 1884-Jan. 14 i886, pp. 9-22, 1886 

Report of work done in the Division of Chemistry and Physics, mainly 
during the fiscal year 1884-85, Contains: Topaz from Stondiam, Maine, 
by F. W. Clarke, pp. 9-15 ; U. S. G. S. Bull. 27, 70 pp., 1886. 
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Researches on the hthia micas, Am Jour Sci, 3d ser, 32, pp. 353 - 3 ^ 1 , 

1886. 

Turqouise from New Mexico, by F W. Clarke and J. S. Diller, Am. 
Jour. Scij 3d ser, 32, pp. 211-217, 1886 

1887 

The adulteration of food ; The Bpoch, Jan 17, 1887 

The minerals of Litchfield, Maine; m U. S. G S Bull 42, pp 28-38, 

1887. 

The new alchemy. The Epoch, Feb 25, 1887. 

Report of work done in the Division of Chemistry and Physics, mainly 
during the fiscal year 1885-86, U S. G. S Bull 42, 152 pp , 1887. 
Researches on the hthia micas; in U. S. G S Bull 42, pp. 11-27, 1887. 
Saccharin; The Epoch, Dec. 21, 1887. 

Science in England; The Epoch, Sept. 30, 1887 

Studies in the mica group; Am. Jour Sci , 3d ser., 34, pp 131-137, 1887. 
Turquoise from New Mexico ; in U. S G S Bull. 42, pp 39 -44, 1S87. 

1888 

The chemical structure of the natural silicates; Amer Chem. Jour , 10, 
pp. 120-128, Jan., 1888. 

Chemistry for 1887 and 1888, in Smith. Inst Ann Rept., 1888, pp 425- 
453 

The constants of nature, Pt. I — table of specific gravity for solids 
and liquids. New ed , rev. and enl ; Smith. Inst. Pub. no 659, 410 pp , 1888. 
Expert testimony , Pop Sci Monthly , 33, no 5, pp. 653-656, Sept., 1888. 
New meteorites (communicated) , Am. Jour. Sci., 3d ser , 33, p 264, 

1888. 

The present status of mineralogy (read before the 296th meeting of the 
Am Philos. Soc. Wash., Jan. 29, 1887 See Bull. 10, p 6, 1887) ; Pop. 
Sci Monthly, 32, no. 6, pp. 799-806, Apr., 1888. 

Some nickel ores from Oregon; Am. Jour. Sci, 3d ser., 33, pp 483-488, 
1888 

The waters of the Yellowstone Park, The Epoch, Dec. 21, 1888. 

On nephrite and jadeite, by F. W. Clarke and G P. Merrill; Proc. 
U. S Nat Mus., II, pp IIS-130, 1888. 

1889 

Elements; in Watts’ “Dictionary of Chemistry,” 2, pp. 427-430, 1889. 
The meteorite collection in the U. S. National Museum — ^A catalogue 
of meteorites presented Nov. i, 1886; Smith. Inst Rept., 1885-86, pt. 2, 
pp. 255-265, l pi., 1889. 

A new occurrence of gyrolite; Am. Jour. Sci, 3d ser., 38, pp. 128-129, 

1889. 
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A platmiferous nickel ore from Canada, by F. W. Clarke and Charles 
Catlett; A^n Jour Sci , 3d ser., 3/, pp. 372-374, 1889 
Recent publications relating to chemistry. Am. Chem Jour., ii, no. 5, 
PP 362-364, May, 1889. 

The relative abundance of the chemical elements ; Philos Soc Wash. 
Bull, II, pp 13 1- 142, Oct. 26, 1889. 

Report of work done in the division of chemistr3^ and physics, mainly 
during the fiscal year 1886-87 ; U. S. G S. Bull. 55, 96 pp , 1889. 

Studies in the mica groups , in U. S G. S- Bull 50, pp. 13-18, 1889. 

A theory of the mica group (read before the 371st meeting of the 
Philos. Soc of Wash., May 9, 1891. See Proc ii, p 568, 1891) ,* Am. 
Jour. Sci, 3d ser., 38, pp 384 - 393 » 1889, 


1890 

Analyses of jade; in U S G. S. Bull. 60, pp 123-127, 1890. 

The chemical structure of the natural silicates ; in U S. G. S. Bull. 60, 
pp. 13-20, 1890 

Experiments upon the constitution of the natural silicates; Am Jour. 
Sci., 3d ser., 40, pp 303-312; 405-415; 452-457, 1890. Also: Zeit. Kryst., 
18, pp. 390-418, 1890 

A new occurrence of gyrolite , in U. S G S Bull. 64, pp. 22-23, 1890 

A platmiferous nickel ore from Capada, by F. W. Clarke and Charles 
Catlett , m U. S. G S Bull 64, pp. 20-21, 1890. 

Report of the Committee upon a National Chemical Society; Proc. 
Am. Assoc Adv. Sci., 39, pp. 139- 142, 1890. 

Report of work done in the division of chemistry and physics, mainly 
during the fiscal year 1887-88, U S. G. S Bull. 60, 174 pp., 1890. 

Report of work done in the division of chemistry and physics, mainly 
during the fiscal year 1888-89; U. S. G. S, Bull 64, 60 pp, 1890, 

Some nickel ores from Oregon; in U. S. G. S- Bull. 60, pp, 21-26, 1890. 

A theory of the mica group ; in U S. G, S. Bull 64, pp. 9-19, 1890. 

Ueber die chemische Constitution des Talks; Deutsch. Chem. Gesell., 
Berichte 23, pp 1537-1540, 1890. 


1891 

Experiments upon the constitution of the natural silicates ; in U. S G. S. 
Bull 78, pp 11-33, 1891. 

The fractional analysis of silicates; Am Chem. Soc. Jour., 13, pp. 277- 
283, 1891 

The gem localities of Maine, with exhibition of specimens (an oral 
communication made before the 373d meeting of the Am. Philos Soc. 
Wash., Oct. 10, 1891 See Proc. ii, p 570, 1891) ; not published. 

On the constitution of certain micas, vermiculites and chlorites. Am. 
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Jour. Set, 3d sen, 42, pp 242-251, 1891. Also* Zeitschr Kryst., 19, pp. 

465-477, 1891- 

On the question of concordance in atomic weight determinations ; Amer. 
Chem Jour., 13, no i, pp 34-37, Jan , 1891 
Recent publications relating to chemistry, Atner Chem. Jour , 13, no. 3, 
pp. 214-216, March, 1891. 

The relations of abstract research to practical invention; Pop. Set. 
Monthly, 39, no 4, pp 540-546, Aug, 1891 
The relative abundance of the chemical elements, in U. S G S Bull. 
78, pp. 34-42, 1891. 

Report of work done in the division of chemistry and physics, mainly 
during the fiscal year 1889-90, U S. G. S Bull 78, 131 pp, 1891 
The rhyme of the rain machine (poem) ; Life, Nov. 5, 1891. 

1892 

Experiments upon the constitution of certain micas and chlorites ; Am. 
Jour. Set., 3d ser, 43, pp 378-386, 1892 
Note on the constitution of ptilolite and mordenite, Am Jour Set., 
3d sen, 44 j PP- IOI-102, 1892 

On the constitution of certain micas, vermiculites, and chlorides, by 
F. W, Clarke and E. A Schneider; m U. S G S. Bull. 90, pp. 11-21, 1892 
Relations of abstract scientific research to practical invention, with 
special reference to chemistry and physics (celebration of the beginning 
of the second century of the American patent system at Washington, 
D. C., Par. 8-10, 1891) ; published by the Executive Committee, 1892. 
Proceedings of Congress, pp, 303-3 ii 
Report of work done in the division of chemistry and physics, mainly 
during the fiscal year 1890-91 , U. S. G. S. Bull. 90, 77 pp,, 1892 
Tschermak's theory of the chlorite group and its alternative; Am Jour 
Set, 3d ser., 43, pp. 190-200, 1892 

1893 

The constitution of the lithia micas; Am. Chem. Soc., 13, pp. 245-250, 
1893. Also in U. S. G. S. Bull. 113, pp. 22-26, 1893. 

Experiments upon the constitution of certain micas and chlorites, by 

F. W. Clarke and E A. Schneider; in U, S. G. S. Bull 113, pp. 27-33, 

1893. 

Notes on the action of ammonium chloride upon silicates ; in U S. G. S, 
Bull 113, PP- 34-36; 1893. 

Report of work done in the division of chemistry during the fiscal years 
1891-92 and 1892-93; U. S. G. S Bull 113, 115 pp., 1893. 

Tschermak’s theory of the chlorite group and its alternatives ; U. S, 

G. S. Bull 113, PP 1 1-2 1, 1893. 
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1894 

Report of the Committee on determinations of Atomic Weights, pub- 
lished during 1893 (this is the first report of this committee) ; Jour. Am. 
Chem pp 179-193, 1894. 

The atomic weight of oxygen; a study in constant error (communica- 
tion read before the 416th meeting of the Philos. Soc. of Wash., Feb. 17, 
1^94) ; Proc. Philos Soc Wash, 12, p. 534, 1894 
The constitution of the zeolites ; Am Jour. Sci , 3d ser , 48, pp 187-193, 

1894. 

An occurrence of anorthite and epidote; Am Jour. Set, 3d ser, 48, p. 
429, 1894. 

Reproduction of a fish’s tail; Am. Naturalist, pp 363-364, June, 1894 

1895 

Report of the Committee on Atomic Weights published during 1894, 
Jour Am. Chem. Soc., 17, no. 3, pp. 201-212, March, 1895. 

The constitution of the silicates ; U S G. S Bull. 125, 109 pp., 1895. 
The new gas in the atmosphere (read before the 434th meetmg of the 
Phil. Soc of Wash., Mar 16, 1895. See Proc 13, p. 439, 1895) ; not 
published 

Note on a garnet from California, Am. Jour Sci, 3d ser, 50, pp. 76-77, 

1895. 


Third annual report of the Committee on Atomic Weights (results 
published during 1895); Am. Chem Soc, 18, no 3, pp 197-214, 

March, 1896. 

An empirical relation between melting-point and critical temperature; 
Jour. Am. Chem Soc., 18, no 7, pp 618-621, July, 1896. 

1897 

Fourth report of the Committee on Atomic Weights (results published 
in 1896) , Jour Am Chem Soc., ig, no 5, pp. 359 - 369 , May, 1897 
Analyses of rocks, with a chapter on analytical methods, laboratory of 
the U S Geological Survey, 1880 to 1896; U. S. G. S. Bull 148, 306 pp, 
1897. 

Chemistry in the United States, Science, n. s, 5 . PP* 117-129, Jan 22, 

1897. 

Chemistry in the United States (annual presidential address delivered 
before the Philos Soc. Wash , Dec. 12, 1896) ; Philos. Soc Wash. Bull. 
^3. PP 183-204, Jan., 1897. 

The constants of nature, Pt. V — A recalculation of the atomic weights 
(new ed, rev. and enl., Smith Misc. Coll. 1075, 1897) ; Am. Jour. Sci ^ 
4th ser , j, p 245, 1897. 
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1898 

Fifth annual report of the Committee on Atomic Weights (results pub- 
lished during 1897) , Jour Am, Chem. Soc , 20, no 3, pp 163-173, March, 

1898. 

The alkaline reaction of some natural silicates , Jour Am Chem. Soc , 
20, pp 739-742, 1898. 

Sketch of Frank Wigglesworth Clarke (with port ) , Pop, Sci Monthly, 
S4, pp 110-117, Nov., 1898 


1899 

Sixth annual report of the Committee on Atomic Weights (results 
published in 1898) , Jour Am. Chem Soc, 21, no 2, pp 200-214, Feb, 

1899 

The constitution of tourmaline, Am Jour Sc%, 4th ser., 8, pp 111-T21, 
Apr 19, 1899 Also in U S. G S Bull 167, pp 26-36, 1900. 

Experiments relative to the constitution of pectolite, pyrophyllite, cala- 
mine, and analcite, by F W Clarke and Geo Steiger ; Am Jour Sci., 4th 
ser, 8, pp 245-257, July i, 1899 

On a hydromica from New Jersey, by F W. Clarke and N H Darton; 
Am Jour. Set., 4th ser, 7, pp. 365-366, 1899. 

On Roscoelite — A note on its chemical constitution, by F W Clarke; 
Am. Jour. Sci, 4th ser, 7, pp 451-458, 1899. 

Einige Pnnzipien der petrographisch-chemischen Forschung, von F W. 
Clarke und W. F. Hillebrand, in praktische Anleitung zur Analyse der 
Sihkatgesteine nach den Methoden der geologischen Landesanstalt der 
Vereinigten Staaten, 86 pp , Leipzig, 1899. 

Proposed International Committee on Atomic Weights; British Assoc 
Adv. Sci, Report, 1899, p 703. 


1900 

Seventh annual report of the Committee on Atomic Weights (results 
published in 1899) , Jour. Am. Chem Soc , 22, no 2, pp. 70-80, Feb , 1900. 

The action of ammonium chloride upon analcite and leucite, by F. W. 
Clarke and Geo. Steiger, Am. Jour Sci, 4th sen, g, pp, 117-124, 1900, 

The action of ammonium chloride upon natrolite, scolecite, prehmte 
and pectolite, by F W Clarke and Geo Steiger; Am. Jour. Sci, 4th ser., 
9, PP- 345-351, Mar. i, 1900; Also: Zeit f. anorg. Chemie, 24, pp. 139-147, 
1900. 

The alkaline reaction of some natural silicates; U. S. G. S. Bull. 167, 
pp. 156-158, 1900 

Analyses of rocks from the laboratory of the U, S. Geological Survey, 
1880-18^9; U. S G. S Bull. 168, 308 pp,, 1900. 
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Contributions to chemistrj- and mineralogy from the laboratory of the 
U S Geological Survey, U S G. S. Bull 167, 166 pp,, 1900. 

Die Einwirkung von Ammoniumchlorid auf Natrolith, Skolecit, 
Prehnit und Pectolith, by F W Clarke and Geo Steiger , Zeit. f. anorg. 
Chemie, 24, pp. 139-147, 1900 

Experiments relative to the constitution of pectohte, pyrophyllite, cala- 
mine, and analcite, by F W. Clarke and Geo Steiger; U. S G. S. Bull 

167, pp 13-25, 1900 

A hundred years of chemistry; Pop. Sci Monthly, 56, pp 673-685, 1900, 
and 57, pp 59-69, 1900. 

The man of science in practical affairs; Pop. Set. Monthly, j6, pp 487- 
491, Feb , 1900 

On a hydromica from New Jersey, by F W. Clarke and N H Darton, 
U. S. G. S. Bull. 167, pp 154-155, 1900. 

1901 

Eighth annual report of the Committee on Atomic weights (determina- 
tions published m 1900) , Jour. Am Chem. Soc , 23, no, 2, pp. 90-95, Feb, 
1901. 

The evolution of the American University ; The Pontm, Sept., 1901 

Free speech in universities ; Science, n, s , 13, pp 309-310, Feb. 22, 1901 

The Government Exhibit at Buffalo ; The Forum, Aug ,1901. 

Report of the representatives of the Department of the Interior at the 
Tennessee Centennial Exposition, Nashville, Tenn ; Washington, Gov- 
ernment Printing Office, 1901. 

Second annual report of the International Committee on Atomic 
Weights, by F W Clarke et al (this is the report of the American Sec- 
tion of the International Committee on Atomic Weights of which F. W. 
Clarke was chairman) ; Jour. Am. Chem. Soc., 23, no. 2, pp 43-49, Feb , 
1901. 


1902 

Ninth annual report of the Committee on Atomic Weights (determina- 
tions published in 1902) ; Jour. Am. Chem Soc., 24, no. 3, pp 201-215, 
March, 1902 

The action of ammonium chloride upon certain silicates, by F W. 
Clarke and Geo Steiger; Am Jour. Sci., 4th ser., 14, pp 27-38, Oct. 12, 
1901 (published in Jan, 1902, Am. Jour. Sci.). 

The action of ammonium chloride upon silicates, by F W Clarke and 
Geo Steiger, U. S. G. S Bull 207, 57 PP-, 1902 

The calculation of atomic weights; Am. Chem Jour, 27, no. 5, pp 
321-328, May, 1902. 

The development of chemistry (with port ) ; Jour Am Chem Soc., 24, 
no. 2, pp 117-138, 1902. 
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The development of chemistry; Science, n s , 15, pp 161-175, Jan 31, 
ig02. 

Elementary chemistry, by F W. Clarke and L M. Dennis, American 
Book Co , New York, 340 pp , 1902. 

(Above is a revision of “Elements of Chemistry,” by F W Clarke, 
Appleton and Co , N. Y., 1884, 369 pp.) 

A thermochemical constant (preliminary notice) , Jour. Am Chem. Soc , 
24, no. 9, pp 882-892, 1902. 

(A criticism of the above will be found in Jour. Ayn. Chem. Soc., 26, 

pp. 1450-1453, 1904) 


1903 

Tenth annual report of the Committee on Atomic W eights ( determina- 
tions published in 1902) ; Jour Am Chem. Soc , 25, no 3, pp. 223-231, 
March, 1903. 

The atomic theory; Science, n. s., 18, pp. 513-529, Oct 23, 1903. 

The atomic theory (the Wilde lecture) , Manchester Lit. and Phil Soc. 
Mem, 40, no ii, 1903. 

Chemistry, Encyclopedia Americana, 4, ii pp , 1903 

The composition of glauconite and greenalite; U. S. G. S Monograph 
43, PP- 243-247, 1903 

The Dalton centenary at Manchester and the Chemical Congress at 
Berlin (address before the S72d meeting of the Philos Soc of Wash , 
Oct. 24, 1903. See Proc. 14, p 417, 1903) ; not published. 

Mineral analyses from the laboratories of the U S Geological Sur- 
vey, 1880 to 1903; U S G S. Bull. 220, 1 19 pp, 1903 

The new law in thermochemistry (paper read before the 5S5th meeting 
of the Philos. Soc Wash, Oct. il, 1902. See Proc, 14, p 399, 1902) , 
Proc Wash Acad Sci, 5. PP i“37, Jan. i, 1903. 

A pseudo-serpentine from Stevens County, Wash.; Am. Jour. Sci., 4th 
ser., 15, pp 397'3p8, ipoS- 

A thermochemical constant; Proc. Wash. Acad. Sci., 5, p. l, 1903. 

Report of the International Committee on Atomic Weights, by F. W. 
Clarke et al. ; Jour, Am. Chem, Soc., 25, no i, 5 pp., Jan , 1903. 

1904 

Eleventh annual report of the Committee on Atomic Weights (deter- 
minations published during 1903) ; Jour, Am. Chem, Soc., 26, no 3, pp. 
235-244, March, 1904. 

Report of the International Committee on Atomic Weights, by F. W. 
Clarke et al ; Jour. Am. Chem. S oc., 26, no. i, pp, 1-4, 1904. 

Analyses of rocks from the laboratory of the U. S. Geological Survey, 
1880-1903 ; U. S. G. S. Bull. 228, 375 pp., 1904. 



FRANK WIGGI.FSWORTH CLARKE — ^DENNIS 


Chemistry at the International Congress of Arts and Sciences at St* 
lyouis (address before the 588th meeting of the Phil Soc Wash., Oct. 
15, 1904 See Proc. 14, p 430, 1904) , not published. 

The progress and development of chemistry during the 19th century 
(address delivered at the Scientific Congress of the St. Louis Exposi- 
tion) ; George Washington University Bulletin, Oct., 1904. 

1905 

Twelfth annual report of the Committee on Atomic Weights (deter- 
minations published in 1904) , Jour Am. Ckem. Soc., no. 3, pp I 77 " 
191, March, 1905 

Report of the International Committee on Atomic Weights, by F. W. 
Clarke et al ; Jour. Am. Chem. Soc , 27, no. i, pp. 1-7, 1905. 

Contributions to mineralogy from the U. S. Geological Survey, by 
F W. Clarke et al. ; U. S. G. S. Bull 262, 147 pp., 1905. 

On basic substitutions in the zeolites, Proc Wash. Acad. Sci., 7, p. 
257 , 1905. 

On “calif ornite,” by F. W. Clarke and Geo. Steiger; in U S. C. S. 
Bull. 262, pp. 72-74, 1905 

A pseudoserpentine from Stevens County, Wash. ; in U. S. G. S. Bull. 
262, pp. 69-71, 1905. 

Water of the Yukon; pamphlet; New York, 1905 Also in Jour. Am. 
Chem. Soc., 27, no. 2, pp. 111-113, 1905. 

1906 

Thirteenth annual report of the Committee on Atomic Weights (deter- 
minations published in 1905) ; Jour. Am Chem Soc., 28, no. 3, pp. 293-315, 
March, 1906. 

Report of the International Committee on Atomic Weights, by F. W. 
Clarke et al. , Jour. Am.^Chem Soc., 28, no i, pp. 1-7, Jan., 1906. 

Statistical method in chemical geology; Am. Phil. Soc, 45, pp 14-32, 
1906. Also Abs., ScL, n. s., 23, pp 929-930, 1906. 

1907 

Fourteenth annual report of the Committee on Atomic Weights 
(determmations published during 1906) ; Jour. Am. Chem. Soc., 2g, no. 
3, pp 249-262, March, 1907; Chem. Abs, i, no. ii, p. 1366, June s, 1907. 

Report of the International Committee on Atomic Weights, by F. W. 
Clarke et al ; Jour. Am. Chem Soc., 2g, no. 2, pp. 107-111, Feb., 1907; 
Chem. Abs , i, no. 9, pp. 1093-4, May 5, 1907. 

The composition of the red clay; Roy. Soc Sdinhurgh, Proc., v. 27, pp. 
167-171, 1907. Also : Jour. GeoL, v. 15, no. 8, pp. 7S3-789, June 27, 1907. 
Contains Addendum and Table III (2 pp. additional). 

The composition of terrigenous deposits; Roy Soc. Edinburgh, Proc., 
V. 27, pp. 2^270, 1907. 
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1908 

Fifteenth annual report of the Committee on Atomic Weights (deter- 
minations published during 1907) > Jour, Am. Chem Soc , 30, no 3, pp 
309-318, March, 1908; Chem Abs , 2, no IS, p 2049, Aug 10, 1908 

The data of geochemistry; U S G S Bull. 330, 716 pp , 1908, Chem 
Abs., 2, no. 95 PP 1252-3, May 10, 1908. 

Report of the International Committee on Atomic Weights, by F W 
Clarke et al , Jour Am. Chem. Soc., 30, no. i, pp 1-4, iPoS; Zeit. anorg 
Chem, 36, pp. 353-356, Zeit angew Chem., 21, pp 17-19 j Zeit Blectro- 
cheni, 14, p. 102; Zeit physik Chem, 61, pp. 491-493; Chem Abs, 2, 
no. 7, p 928, Apr 10, 1908, Deuf Chem Gesell , Ber 41, pp 1-4 

1909 

Sixteenth annual report of the Committee on Atomic Weights (deter- 
mmations published during 1908) ; Jour. Am Che-tn, Soc , 31, no 3, pp 
289-297, March, 1909, Chem Abs . 3, no 10, pp. 1107-8, May 20, 1909 

The chemical work of the U. S Geological Survey; Science, n s., 30, 
pp 161-171, Aug. 6, 1909 

Experimentelle Untersuchungen uber Atomgewichte (review by F W. 
Clarke) , Science, Dec. lo, 1909 

Report of the Committee of the American Chemical Society, appointed 
to cooperate with the National Conservation Commission, Jour. Ind. 
Bng Chem , i, pp. 115-117, 1909, Chem. Abs, 3, no 10, p 1205, May 20, 
1909 

Report of the International Committee on Atomic Weights, by F. W. 
Clarke et al ; Jour. Am Chem Soc, 31, pp i- 5 , 1909, Zeit angeve. 
Chem., 22, pp. 146-148; Zeit Blectrochem , 15, pp. 21-22; Zeit. physik. 
Chem, 6s, p 385; Proc Chem, Soc., 25, p. 3; Chem Bng., 9, p 49, 
Zeit. anorg. Chem., di, p 147, Deut. Chem Gesell,, Ber. 42, p. ii 

The Wolcott Gibbs Memorial Decture (delivered befo-re the Chemical 
Society, June 3, 1909) ; Jour. Chem. Soc ,gs, pp 1299-1312, 1909. 


1910 

Report of the International Commitee on Atomic Weights, by F. W 
Clarke et al ; Jour Am. Chem. Soc., 32, no. 1, pp. 1-4, Jan, 1910. 

Annual Report of the Committee on Atomic Weights, 1911, by F W. 
Clarke et al. , Jour Am. Chem Soc., 32, no. 10, pp 1113-1116, Oct, 1910. 

Seventeenth annual report of the Committee on Atomic Weights (deter- 
minations published during 1909) ; Jour, Am Chem Soc , 32, no. 3, pp. 
255-267, March, 1910. 

Analyses of rocks and minerals from the laboratory of the U. S. Geo- 
logical Survey, 1880-1908; U. S. G. S. Bull. 419, 323 pp., 1910. 
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The chemical work of the U S. Geological Survey, Seventh Interna- 
tional Congress of Applied Chemistry, VII, London, 1909, Section 2, pp. 
146-161, 1910. 

George Frederick Barker (obituary) , Am Chem, Jour, 44, pp 556- 
557, 1910 

A preliminary study of chemical denudation, Smith Misc. Coll., 56, 
no. S, pp 1-19, June, 1910 

A recalculation of the atomic weights, 3d ed ; Smith. Inst , 548 pp , 1910. 

Stanislao Cannizzaro (obituary) ; Proc Am Chem. Soc , pp 97-98, 
1910. 

Biographical memoir of Wolcott Gibbs, 1822-1908; Nat Acad Sci. 
Biographical Memoirs, 7, 22 pp , Feb., 1910 

1911 

Eighteenth annual report of the Committee on Atomic Weights (deter- 
minations published in 1910) ; Jour, Am Chem. Soc , 33, no. 3, pp 261- 
272, March, 1911 

The data of geochemistry, 2d ed. ; U S. G. S Bull 491, 782 pp, 1911. 

Note on the composition of sea water by F. W, Clarke and Geo. 
Steiger, Wash. Acad Sci. Jour., i, nos. 1-2, pp. 4-5, July, 1911. 

Annual report of the International Committee on Atomic Weights, 
by F. W. Clarke et al ; Joxir Am. Chem Soc , 33, no. ii, pp 1639-1642, 
Nov, 1911 


1912 

Nineteenth annual report of the Committee on Atomic Weights (detex*- 
minations published during 1911) ; Jour Am. Chem. Soc., 34, no 3, pp 
225-232, March, 1912 

An aluminum arsenate from Utah; Wash. Acad. Sci four, 2, no. 21, 
pp. 51^-518, Dec., 1912. 

Notes on chemical stability; Wash. Acad Sci Jour., 2, pp 339-344, 
Aug. 19, 1912 

Some geochemical statistics (discusses the average composition of 
igneous rocks and sedimentary rocks and the character and magnitude 
of marine sedimentation) . Proc. Am. Philos Soc., 51, pp 214-234, July, 
1912 ; Abs , Science, n s., 35, p. 791, May 17, 1912 

Annual Report of the International Committee on Atomic Weights, 
by F. W. Clarke et al. , Jour. Am. Chem Soc., 34, no ii, pp 1437-1440, 
Nov, igi2 


1913 

Twentieth annual report of the Committee on Atomic Weights (deter- 
minations published during 1912) ; Jour. Am. Chem. Soc , 33, no. 3, pp, 
227-235, March, 1913. 
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Annual report of the International Committee on Atomic Weights, 
by F W. Clarke et al , Jour. Am Chem. Soc.^ 3S, no 12, pp 1807-1810, 
Dec , 1913 


1914 

Annual report of the International Committee on Atomic Weights, 
by F. W Clarke et al. ; Jour. Am. Chem Soc., 36, no 8, pp 1585- 
1589, August, 1914- 

Address by F. W Clarke (before University of Cincinnati at Commence- 
ment Exercises. The subject matter of this address is the commence- 
ment of a department of chemistry at the University, the building of a 
new laboratory, etc.) ; Univ. of CmcmnaH Record, ser. i, 10, no 4, pp 

65-71, Oct , 1914. 

Columbium versus Niobium, Science, Jan 23, 1914 
The constitution of the natural silicates, U S. G S Bull 588, 128 pp , 
1914; Abs., Wash Acad. Set. Jour., 4, p 607, 1914 
The relative abundance of several metallic elements, by F W Clarke 
and Geo, Steiger, Wash. Acad. Sci. Jour., 4, no. 3, PP- 58-62, Feb. 4, 1914 
Water analyses from the laboratory of the U. S. Geological Survey; 
U S G S. Water Supply Paper No. 364, 40 PP , Abs., Wash. Acad, 
Sci Jour., 4, p. 606, 1914. 


191S 

Annual report of the International Committee on Atomic Weights, 
by F. W. Clarke et al. , Jour. Am, Chem. Soc , 37, no ii, pp. 2449-2452, 
Nov,, 1915. 

Analyses of rocks and minerals from the laboratory of the U. S- Geo- 
logical Survey, 1880-1914; U. S G S. Bull. 691, 376 pp., 1915. 

The composition of the brachiopod shells, by F. W. Clarke and W. C. 
Wheeler; Proc. Nat. Acad Sci., i, pp. 262-266, 1915. 

The composition of the crinoid skeletons, by F. W. Clarke and W. C 
Wheeler; U. S. G S Prof Paper 90-D (shorter contributions to general 
geology), pp. 33-37) 1914; Abs, Wash Acad. Sci Jour., 4, p. 419, 1914. 

The inorganic constituents of alcyonaria, by F. W. Clarke and W. C. 
Wheeler; Proc. Nat. Acad. Sci., i, pp. 552-556, 1915. 

The inorganic constituents of echinoderms; U. S. 0 S. Prof. Paper 90, 

pp 191-196, 1915. 


1916 

Annual report of the International Committee on Atomic Weights, 
by F. W. Clarke et al ; Jour. Am, Chem. Soc., 38, no. ii, pp, 2219-2221, 
Nov., 1916. 

The data of geochemistry, 3 ed.; U, S. G. S. Bull. 616, 821 pp., 1916. 
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The inorganic constituents of marine invertebrates; Science^ lu s, 43, 

p 723, 1916 

The interrelations of pure and applied chemistry; Science, n, s., 43, pp. 
257-263, Feb 25, 1916. 

Geochemical evidence as to early forms of life; Wash, Acad. Sci Joui., 
6, pp. 603-605, Oct. 19, 1916. 


1917 

International Committee on Atomic Weights. (‘‘On account of the war 
the International Committee on Atomic Weights has decided to make no 
report for 1918. The table for 1917 may therefore stand as official during 
the year 1918”) , Jour. Am Chem Soc , 59, no. 12, pp. 2517-2518, Dec., 

1917. 

The constitution of melilite and gehlenite, Am. Jour. Sci., 4th ser, 43, 
pp. 476-4S4, June, 1917. 

Development of scientific societies m Washington (address before the 
Cosmos Club, Apr. 28, 1917). 

Inorganic constituents of marine invertebrates, by F. W. Clarke and 
W. C. Wheeler; U. S G S. Prof. Paper 102, 56 pp, 1917; Same, 2d ed., 
rev. and enl., U. S. G. S, Prof Paper 124, 62 pp. 1922; Abs. in Wash. 
Acad Sci Jour., 7, pp 562-3, Nov. 4, 1917. 

The interrelations of pure and applied chemistry (address before Sec- 
tion 7, Pan-American Scientific Congress) , Proc. Second Pan-American 
Scientific Congress, 5, p 548, 1917. 

New analyses of echinoderms, by F. W. Clarke and R M Kamm; 
Proc. Nat Acad Sci , 3, pp, 401-404, 1917 


1918 

Note on the inorganic constituents of two small crustaceans, by F. W. 
Clarke and B Salkover; Wash Acad. Sci Jour., 8, no. 7, pp. 185-186, 
Apr 4, 1918. 

Notes on isotropic lead (read before the Academy by F. W. Clarke, 
Apr. 23, 1918) ; Proc. Nat. Acad. Sci , 4, pp. 181-188, June, 1918. 


1919 

Report of the International Committee on Atomic Weights for 1919-20, 
by F. W. Clarke et al. ; Jour. Am. Chem. Soc., 41, no. 12, pp. 1887-1887, 
Dec., 1919. 

The inorganic constituents of lobster shells, by F, W. Clarke and Geo. 
Steiger (read by F. W Clarke before the Academy, Nov. 18, 1918) ; 
Prgc. Nat. Acad. Sci., 5, pp 6-8, Jan., 1919, 
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1920 

Report of the International Committee on Atomic Weights for 1^20-21, 
by F W Clarke et al. , Jour. Am Chem Soc., 41, no 9, pp 1761-64, 
Sept, 1920 

Data of geochemistry, 4th ed , rev , U S G S Bull 695, S3 2 pp , 
March, 1920 

A recalculation of the atomic weights, 4th ed , rev and enl , i9^^» 
418 pp , Memoirs of the Nat Acad Sci , 16, third memoir , also Pt V 
of “The Constants of Nature ” 


1921 

Report of the International Committee on Atomic Weights for 1921-22, 
Jour Am Chem Soc., 43, no 8, Aug, 1921 
The evolution of matter; Wash Acad. Sci Jour, ii, no. 13, pp 289- 
298, July 19, 1921 


1922 

The average chemical composition of igneous rocks, by F W. Clarke 
and Henry S Washington, papers from the Geophysical Caboratury, 
Carnegie Inst, of Wash, no. 462 Reprinted from Proc Nat. Acad. Sci,, 
8, no 5, pp 108-115, May, 1922. 

Inorganic constituents of marine invertebrates, 2d ed., rev and cnl., 
by F W Clarke and W, C. Wheeler; U S G S Prof Paper 124, 62 
pp , 1922 


1923 

Edward Williams Morley; Trans. Chem Soc, London, 123, pp 3336- 
3440, 1923 


1924 

Atomic numbers versus atomic weights; Science, 59, no 1515, pp. 27-30, 
Jan II, 1924. 

The composition of the earth's crust, by F. W. Clarke and H S. 
Washington; U, S. G S. Prof, Paper 127, 117 pp, quarto, 1924 
The composition of the river and lake waters of the United States; 
U, S. G. S. Prof Paper 135, 199 pp , 1924 
The evolution and disintegration of matter; U S. G S- Prof. Paper 
i32-D,^Apr. 9, 1924 (In Shorter Contributions to General Geology, pp 
51-86) 

The data of geochemistry, sth ed ; U. S G. S. Bull, 770, 841 pp,, 1924. 
Mineralogical work of Joseph Leidy; Proc. Acad. Nat. Sci, 75, appen- 
dix. The Joseph Leidy Commemorative Meeting, pp. 49-52, 1924. 
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1926 

The evolution of the American Societj^; Jour. Am. Cheni Soc , 48, 
no. 8-A, pp I7“2i, Aug. 20, 1926. (Above number of the Journal is the 
Golden Jubilee Number, a half century of chemistry in America, 1876- 
1926.) 

The internal heat of the earth; Scientific Am, 134, pp 370-371, June, 
1926. 


1927 

Biographical memoir of Edward Williams Morley, 1838-1923; Nat 
Acad- Sci loth memoir, 21, 8 pp Presented to the Academy at its an- 
nual meeting, 1924 

1928 

Biographical memoir of William Francis Hillebrand, 1853-1925; Nat 
Acad. Sci., Biographical Memoirs, 12, 2d memoir. Presented to the 
Academy at the autumn meeting, 1925 Published by the Nat Acad. Sci., 
Wash, 1928. 

The significance of meteorites; Scientific Am., 138, pp 430-431, May, 
1928. 
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EDWARD CHARLES PICKERING 


BY SOLOX I. BAII^EY ^ 

Edward Charles Pickering was born on Beacon Hill Boston, 
July ig, 1846 He died at Cambridge on February 3, 1919. At 
the time of his death the ObserAatory was less than eighty years 
old, and he had been Director forty-two years, a period consider- 
ably longer than the combined terms of his three predecessors, 

Mr. Pickering was fortunate in his heritage. Of a family 
always prominent in New England histor}', he was heir neither 
to riches nor to poverty, but to splendid opportunity, which he 
eagerly grasped. From early youth to old age, his zeal in the 
pursuit of scientific problems was unbounded His education 
was begun in private schools, but later carried forward at the 
Boston Latin School. He had small love of the classics and 
gave them scant attention In the Lawrence Scientific School, 
however, he entered upon his work with that enthusiasm which 
marked all the activities of his mature life. He was graduated 
from this school smnma cum laude at the age of nineteen, and 
was immediately appointed Instructor of Mathematics in that 
institution. A year later he became Assistant in Physics at the 
Massachusetts Institute of Technology, and in the following 
year Thayer Professor of Physics, a position which he held until 
he became Director of the Observatory. During his ten years 
at the Institute, the history of his work is the history of the 
Department of Physics. His appointment as Thayer Professor 
came at the urgent request of President William B. Rogers, the 
former occupant of the chair, who wrote to Pickering re- 
garding it: 

'Xet me say that, with all the urgency of other Institute duties, 
I should be quite unwilling to relinquish it to any other successor, 
so much do I love its exercises, and so sure am I that under 

^ This biography has been taken from Professor Bailey’s ^‘History and 
Work of the Harvard Observatory,” with only slight alterations The 
bibliography has been prepared by Jenka Mohr. — Harlow Shapley. 
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your direction they will preserve the breadth and character wdiich 
it has been my aim to give them " 

At this time Pickering was onl} tw^enty-tw^o years of age 
During the busy years of his professorship at the Institute, forty- 
one scientific papers were published by him, or by students under 
his direction, as well as two volumes of his pioneer textbook en- 
titled '“Physical ^Manipulations '' He established in connection 
with the5.e volumes the first physical laboratory in America for 
students The idea of such a laboratory had been suggested by 
President Rogers, but its successful installation and management 
were due to Pickering. The importance of this development 
was w'idely recognized , it has been regarded as marking an epoch 
in the teaching of physics. Pickering measured the value of the 
course in physical manipulation by its success m teaching the 
student to think for himself, and in fitting him to solve problems 
ext>erinientally. Research w'as Pickering’s chief interest, al- 
though teaching consumed the greater part of his time His own 
investigations, on the subject of light, formed a fitting founda- 
tion for his future life work. 

In 1S69 and 1870, Air. Pickering took part in the expeditions 
sent out by the United States Government to observe the total 
solar eclipses. He introduced at the Institute a course of lectures 
for older students on geodesy and topography, and one on prac- 
tical astronomy, especially for engineers He also designed a 
spectrometer, which was constructed by Alvan Clark and Sons, 
and was the most powerful instrument of its kind at that time 

A notable contribution of a different character was made by 
his early experiments with the telephone. In 1870 he constructed 
a receiver consisting of a flexible iron diaphragm supported at 
the edges and replacing the armature of an electromagnet. The 
apparatus appears to differ in no ivay in principle from the re- 
ceiver later in use. He would not consider protecting the device 
by patent, since such a course would have been contrary to his 
code of ethics. 

In 1876 Pickering founded and became first president of the 
Appalachian Mountain Club. The great value of this club for 
popular purposes is well known, but his primary aim was the 
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furthering of health and science He perfected a portable 
1 2-pound micrometer level for the rapid determination of ap- 
proximate positions and altitudes With this instrument he 
made thousands of observations of various points of interest 
in the White Mountains. The intensity of his interest and the 
enthusiasm and success with which he carried out his plans made 
a deep impression on his associates. 

Professor Pickering was chosen Director of the Harvard Ob- 
servatory m 1876, and entered upon his duties on February i. 
1877. The appointment of a physicist to direct an astronomical 
observatory caused some criticism from astronomers of the old 
school. There was no lack of candidates for the position among 
astronomers of experience and reputation President Eliot, 
however, who called him to the directorship of the Observatory, 
was thoroughly familiar with the unusual scientific and admini- 
strative ability which Pickering had shown at the Massachusetts 
Institute of Technology. 

Pickering found the times propitious for the introduction of 
new methods The old astronomy of position and motion which 
had occupied the chief place in the programs of the great obser- 
vatories in the past was destined soon to be pushed into the back- 
ground by the urgency of astrophysical problems Even the de- 
termination of magnitudes of stars had not been placed on a 
sound scientific basis and comparatively little was known as to 
their nature Everywhere there was a great dearth of facts. In 
such a condition of the science, Pickering decided that the accu- 
mulation of great masses of data would constitute the greatest 
contribution he could make to the advancement of astronomy. 
Theories in regard to the structure of the stellar universe could 
wisely be deferred until better foundations were provided. 

Pickenng’s first care at the beginning of his administration 
was to secure additional funds for carrying on observations, and 
for publishing those already made, and also for the extension of 
his investigations into new fields. His first Annual Report 
contained an appeal for financial aid, and every succeeding report 
included some such direct or indirect appeal. The great schemes 
he was planning could be carried out only through the assistance 
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of many minds and many hands, and these could be obtained 
only b\ a great increase of endowment. Little by little this was 
secured. His own part m this increase was considerable In all, 
he gave to the Observatory more than a hundred thousand 
dollars. 

The first and one of the greatest of Pickering’s achievements 
was in stellar photometry, which for many years was his leading 
interest. He found the Observatory equipped with two instru- 
ments of the highest class for that time: the large 15-inch equa- 
torial refractor, and the new 8-inch meridian circle obtained by 
Whnlock. For a while he carried on investigations with photom- 
eters attached to the large refractor, but later his observations 
became more and more photographic. These early labors held 
particular interest because of the measurement, in 1877, of the 
newly discovered satellites of Mars. While he was engaged in 
carrying on these investigations, a meridian photometer was 
constructed for the convenient measurement of the magnitudes 
of all the brighter stars. 

Considerable work bearing on the structure of the Milky Way 
was done by Pickering during his long directorship In connec- 
tion with his photometric catalogues, he discussed the distribu- 
tion of stars of different magnitudes. Dividing the stars into 
groups half a magnitude apart, he studied the distribution of the 
4193 stars of the early Harvard Photometry, together with that 
of the 324,000 stars of the Northern Durchmusterung, and the 
7363 stars of the LTranometria Argentina. Pickering found the 
actual number of stars observed was less than that indicated by 
theoretical discussions, on the improbable but convenient as- 
sumption that the stars are of equal brightness and uniformly 
distributed in space. 

The improvement of the photographic dry plate came at the 
beginning of Pickering’s administration, and its possibilities 
were promptly grasped by him. Something of romance was 
perhaps lost by the introduction of photographic methods, but 
the gain in efficiency was tremendous. Charting a field of stars, 
formerly a labor of weeks or months, could be accomplished in 
an hour, the resulting photograph often showing more stars 
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than could be seen by the eye with a telescope of equal size 
The creation of the library of celestial photographs, mainly of 
stars, containing more than 200,000 original negatives, was an 
unique achievement, involving the foundation of the most valu- 
able and irreplaceable astronomical collection in the world, and 
destined in time to give a history of the sky. 

Pickering early saw the possibility of photographic photom- 
etry and made many experiments and observations. For many 
years the difficulties were too great for its successful use, but 
before the close of his life these had been overcome in large 
part. He conceived the idea that a large collection of celestial 
photographs, covering the whole sky and repeated at short in- 
tervals over a long series of years, would have immense value, 
and he attempted to make this record of the stars as complete 
as possible An auxiliary station was founded in the southern 
hemisphere in order to cover the southern sky. Photographs of 
various kinds were taken , the spectra of the stars were obtained 
with the objective prism. Records were made with instruments 
of widely different powers * at one extreme the 24-inch Bruce 
doublet, which, with an exposure of one hour, showed stars to 
about the seventeenth magnitude; and at the other extreme a 
wide-angled one-half-inch Ross-Zeiss lens covered a field about 
60 degrees square, so that the entire sky available could be 
covered in a single night with exposures of one hour, stars to 
about the ninth magnitude being photographed. 

These half-examined plates, made, in many cases, only for 
the purpose of securing as complete a record as possible, ap- 
peared to many as unnecessary and extravagant, and even ex- 
cited ridicule. This attitude seems absurd now that their value 
has been so fully demonstrated. Hardly a new star or variable 
has been discovered in recent years whose history could not be 
traced in a large degree upon these photographs. The extensive 
discoveries of novae, asteroids, variable stars, and other interest- 
ing celestial objects from this collection of photographs are 
ample proof of its value. A series of plates having exposures 
of four hours with the 24-inch Bruce was proposed, and a con- 
siderable number of excellent photographs were made at 
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Arequipa from the South Pole northward Such a series, if it 
could be completed for the whole sky, would contain a hundred 
million or more stars, and from it might be derived definite 
lists of clusters and nebulae for the determination of their dis- 
tribution, motions, and distances The scheme, however, would 
require a long time for its completion with a single telescope, 
and meanwhile the Selected Areas of Kapteyn, Pickering’s own 
Standard Regions, and other cooperative plans made this com- 
plete plan less necessary 

With the development of photographic methods, Pickering 
included some m ork on the solar spectrum in the general study 
of spectral classification, paying special attention to the varying 
intensity of the atmospheric lines in the solar spectrum as 
affected by variations in temperature, moisture, and other mete- 
orological conditions. He also did pioneer work on line intensity 
for the spectral regions around the Fraunhofer line E, and thus 
helped to pave the way for the future investigations of solar and 
stellar atmospheres. 

The study of stellar spectra, carried on by several observers 
under Pickering's direction, constitutes one of the greatest 
achievements of the Observatory. Toward the close of his life, 
the completion of the Henry Draper Catalogue of stellar spectra, 
for which the classification of more than two hundred thousand 
stars was done by iliss Cannon, absorbed Pickering's attention 
This catalogue, consisting of nine volumes of the Annals, was 
nearly finished at the time of his death To estimate its impor- 
tance, one needs only to remember how small was our knowledge 
of the nature of the stars in 1885, when he began to photograph 
them with the objective prism, and to consider how intimately 
the Harvard classification has entered into nearly all lines of 
astronomical research. 

Aside from the classification of spectra, the objective prism 
plates yielded enough in the way of by-products to justify 
Pickering's enthusiasm: several novae, hundreds of new vari- 
able stars, and long lists of peculiar stars of special interest. 
Nothing pleased him more than to know that the results obtained 
at the Observatory were those most needed by astronomers in 
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their investigations. Certainly no better example could be found 
of a recognized and fulfilled astronomical need than the classifi- 
cation of stellar spectra in the nine volumes of the Henry Draper 
Catalogue, as carried out by Miss Cannon 

It IS possible that Pickering’s best work was in photometry 
and spectroscopy, but he was active in many other fields. The 
study of variable stars was a marked feature of the Observatory 
work during his administration When he began his observa- 
tions, about 200 variables were known ; at the time of his death 
3435 variables had been found at the Harvard Observatory He 
published, in 1880, a classification of variable stars which is the 
accepted notation at the present time He soon began to en- 
courage their observation on a scale hitherto unknown This 
was possible not only through the increasing resources of the 
Observatory, but also through the assistance of amateurs. 
When the American Association of Variable Star Observers was 
formed, he gave the members the assistance which they needed. 
The spirit in which this was given and received is well shown 
by the regard and affection in which he was held by the members 
of the Association. At their meeting in 1918 they presented 
him with a beautiful gift, after their president had made the 
following reference to him* “He has assisted us in everything 
that we have undertaken, and has carefully watched our prog- 
ress along every step of the way, and the manner of his so doing 
has been that of the Big Brother.’’ 

The astronomy of position was not neglected during Picker- 
ing’s directorship, although his chief interests lay in astrophysi- 
cal lines Two zones of the Astrononiische Gesellschaft, those 
from + 49° 55' to + 55° 10', and from — 9° 50' to — 14° 10' 
declination, were observed and published during that time, 
although the observations for the former zone were begun 
under Professor Winlock Altogether, the work of the meridian 
circle occupied the time of one professor and several assistants 
during half a century, the results filling a dozen volumes of the 
Annals. 

When Pickering came to the Observatory, only a dozen 
volumes of the Annals had been published or were ready for 
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printing. At the time of his death, about eighty of these quarto 
volumes had been issued or were practically ready for the 
printer, ^lany of these, indeed, were chiefly the work of others, 
supervised or edited by him. On the other hand, an enormous 
amount was his oun He was a natural leader, but he was an 
indefatigable worker as well. He worked for the real love of 
it, carrying on observations for several hours each clear night, 
in addition to his arduous duties as director. Of the two million 
observations concerned in the visual Harv^ard Photometry, 
more than half were made by him. 

Pickering’s interest in the work of others seemed as intense as 
that in his own. His desire was to secure the largest possible 
results. If he was fond of quantity, the care with which he 
examined and reexamined all that he did is evidence that quan- 
tity w^as not sought at the expense of quality. Loyalty to his 
predecessors in office was one of his marked characteristics. He 
devoted much time and badly needed financial resources, during 
the early years of his directorship, toward completing and pub- 
lishing their unfinished work. 

As unusual as were Pickering's scientific accomplishments, his 
personal qualifications were equally rare. For men and women 
he had an equal charm. His grace of manner and conversation 
captivated all those who knew him intimately. To all who 
seemed to have any claim upon him, he gave a courteous regard 
He seemed always able to draw out a person’s best qualities, and 
to leave him with the rare and happy sense of having found at 
last real appreciation. To astronomers especially he was ready 
with unlimited service, and he is remembered by many as an 
ideal host. 

Pickering thoroughly believed in the advantage of broad asso- 
ciations for the good of science and mankind. One of the most 
cherished objects of his life was to secure an international fund 
for the benefit of astronomers of all nations. Of a similar nature 
was his plan for an international southern telescope which would 
be devoted to the needs of astronomers anywhere. 

Believing that the best service he could render to astronomy 
was the accumulation of facts, to this end he massed all the 
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forces he could command, instituting great pieces of research, 
sometimes employing many routine workers, that in the end a 
sufficient basis should be provided for a solution of stellar prob- 
lems His practical nature led him to adopt graphical instead 
of anal}1:ical methods, whenever they appeared equall} accurate 

Pickering'loved to discuss but refused to dispute. He loved 
appreciation, but was not swerved from an approved course by 
Its absence. His persistence in what he believed right was bal- 
anced by a readiness to accept new ideas. Until the very end of 
his life he kept an alert, unprejudiced mind, and was always glad 
to modify or abandon his plans if something better presented 
itself He was prompt to give advice, whenever it was re- 
quested, and possibly in some cases where it was not desired. 
Always glad for friendl}^ suggestions himself, he did not hesitate 
to offer them to others. He was held in high esteem by his 
fellow astronomers The following tribute (1919) is from 
one of them : 

‘*His wonderful energy and enthusiasm, his alertness, his un- 
varying courtesy, his wide vision and generous heart, make his 
passing a keen personal loss even to those of us who knew him 
slightly. For a number of years I have thought of him as the 
Dean of American Science.” 

Mr. Pickering was married in 1874 to Lizzie Wadsworth 
Sparks, daughter of Jared Sparks, a former president of Har- 
vard University and a well-known historian. Mrs. Pickering, 
who is still remembered as an especially charming hostess, died 
in 1906. No children were born to them. 

Pickering received nearly all the honors which the world 
had to bestow on a scientific man. These he valued highly as 
the expression of the appreciation in which his work was held. 
He received the honorary degree of Doctor from six American 
and two foreign universities. He took special pride in being a 
Knight of the Ordre Pour la Merite. His collection of medals 
was a large one ; he was twice awarded the gold medal of the 
Royal Astronomical Society. In addition to membership in 
American societies, he was a member or associate of the national 
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societies of England, Germany, Ireland, Italy, Russia, Sweden, 
and ^lexico. He was made a member of the American Academy 
of Arts and Sciences at the age of twenty-one, and a member of 
the National Academy of Sciences at the age of twenty-seven 
He was President of the American Astronomical Society from 
1905 until his death in 1919. 


178 



KDWARD CHARI^ES PICKERING — BAILEV 


BIBLIOGRAPHY OF EDWARD C PICKERING 

A Physics Papers, 1865-1S77 

I. Intersection of the joints of an oblique bridge with the plane of the 
face in the English system Jour Frank. Inst., I, 175, 1865 

2 Dispersion of a ra^ of light refracted at any number of plane sur- 
faces Proc Amer. Acad Arts and Sci , VII, 478, 1868 

3. Essay on the comparative efficiency of different forms of the spec- 
troscope Amer Jour. Sci., XLV, 301, 1868. 

4 Description of a machine for drawing the Curves of Lissajous 
Jour. Frank Inst , LVII, 55, 1869 

5 Plan of the physical laboratorj', Cambridge. 1869. 

6 A new form of spectrum telescope Engin and Mm. Jour, July, 
1869 

7 Report on the total eclipse of August 7, 1869. Jour. Frank Inst, 
LVIII, 281, 1869, translated into French m Les Mondes, XXI, 573 

8 Obsen’ations of the corona during the total eclipse. Phil Mag , 
XXXVIII, 281, 1869 

9 Note on the supposed polarization of the corona Jour Frank Inst , 
LVIII, 372, 1869. 

10. On the diffraction produced by the edges of the moon Jour Frank 
Inst., LIX, 265, 1870 

II. Polarization of the corona Xature, III, 52, 1870. 

12 Spectrum of the aurora. Nature, III, 104, 1870 

13 List of observations of the polarization of the corona Jour. Frank 
Inst, LXI, 58, 1871. 

14 The graphical method Jour Frank Inst, LXI, 272, 1871. 

15 Photographing the corona Ibid , LXII, 54, 1871. 

16 On dispersion, and the possibility of attaining perfect achromatism. 
Proc Amer Assoc. Adv Sci., XIX, 62, 1871 

17. The eclipse of 1870. Old and Xezv, III, 634, 1871. 

18 Report of observations of the total eclipse of the sun of December 
22, 1870 U S. Coast Survey Report, 115, 229, 1870 

19 Report on the physical laboratory Cambridge, 1871 

20 A geometrical solution of some electrical problems Jour Frank. 
Inst , LX VI, 13, 1873 

21. Applications of Fresnel’s formula for the reflection of light. Proc 
Amer. Acad. Arts and Sei , IX, i, 1873 

22 Measurements of the polarization of light reflected by the sky and by 
one or more plates of glass Amer Jour Set, CML 102, 1874, Phil. 
Mag., XLVn, 127, 1874. 

23. Applications of the graphical method Proc. Amer. Acad Arts and 
Sci , IX, 232, 1875. 

24 Graphical integration Proc. Amer Acad. Arts and Sci., X, 79, 1875 

179 



NATIONAL academy BIOGRAPHICAL MEMOIRS ^\^0L XV 


25 Foci of lenses placed obliquely (\Yith Dr Charles H Williams) 
Proc. Anw} Acad. Arts and Sci , X, 300, 1875 

26 Light absorbed by the atmosphere of the sun (with D P Strange) 
P>oc Amer, Acad. A)ts and Scij X, 428, 1875. 

27 Tests of a magneto-electric machine (with D P Strange) Proc 
Ainer Acad Arts and Sa., X, 432, 1875; Electrical Xez\:s, I, 14 and 54 

28 Comparison of prismatic and diffraction spectra. Proc Amer Acad. 
Arts and Sci , XI, 273, 1876 

29 Mountain surveying Proc Amer Acad. Arts and Sci, XI, 256, 
1876 

30. Height and velocity of clouds Proc Amer. Acad Arts and Sci, 
XI, 263, 1876 

31. Elements of physical manipulation In 2 vols : Vol I, 1S73 , Vol II, 
1876 

32 Progress of the physical department of the Alassachusetts Institute 
of Technology from 1867 to 1S77. Cambridge, 1877. 

B. MiscElI/Axeous Papers, 1877-1919 

33. The micrometer level. Appalachia, I, 138, 1877. 

34 Address of the Vice-President, Sec A Proc. Amer Assoc. Adv 
Sci., XXVI, 63, 1877 

35. Cambridge (U. S ) Zone 50° to 55° Report on the progress of the 
zone observations Vierteljahrsschrijt der Astr. Gesellschaft, XII, 290, 
iS 77 ^ 

36 The cosine galvanometer Nature, XIX, 217, 1879. 

37. Stellar magnitudes A. N., XCV, 29, 1879, Nature, XX, 14, 1879, 
Astro. Register, XVII, I75, i879 

38 Cambridge (U. S.) Zone 50° to 55° • Report on the progress of the 
zone observations. Fieri eljahrsschrift der Astr. Gesellschaft, XIV, 387, 
1879 

39 Observations of the satellites of Mars (with Oliver C. Wendell, 
Arthur Searle, and F Waldo). A. N , XCVII, 115, 145, 1880. 

40. Light of Webb’s planetary nebula. Nature, XXI, 346, 1880 

41. Two new planetary nebulae. Nature, XXII, 327, 1880 

42. Novel celestial object Nature, XXII, 483, 1880. 

43 Dimensions of the fixed stars, with especial reference to binaries 
and variables of the Algol type. Proc. Amer. Acad. Arts and Sci, XVI, 

I, 1881. 

44. New planetary nebulae. Amer Jour Sci., CXX, 303, 1880 ; The 
Observatory, IV, 81, 1881. 

45. Variable stars of short period. Proc Amer. Acad. Arts and Sc% , 
XVI, 257, 1881 ; The Observatory, IV, 225, 264, 284, 1881 

46 Large telescopes. Proc. Amer. Acad Arts and Set., XVI, 364, 1881 ; 
Nature, XXIV, 389, 1881. 


t8o 



EDWARD CHARGES PICKERING — BAIEEV 


47 Photometric measurements of the variable stars ^ Persei and DM 
8r 25, made at the Harvard College Obser\ator}" (\Mth Arthur Searle 
and Oliver C Wendell) P/or, Amcr Acad A?fs and Sci , XVI, 370, 
1881 

48 Report of the Committee on Standards of Stellar Magnitude; 
E C Pickering, chairman Proc Amct Assoc Adz.' Sci,XXX, i, 1S81. 

49. Observations of Comet III, 1869. A X., XCIX, 95, 1S81 

50. Observations of the solar eclipse of December 30, 1S80 A _V., 
XCIX, ID7, 1881 

51. The companion of Sirius A. X., XCIX, 219, 18S1 

52. Photometric magnitude of Jupiter’s Satellite III The Obserz'aforVj 

IV, 113, 1881. 

53 Objects remarkable for their colors or spectra A X,, XCIX, 375, 
1881. 

54. New variable star in Puppis. A X , C, 13, 1881. 

55 Comet 1881, III Science, II, 329, 1881 

56 Report on the progress of the zone observations. Vierteljahrsschrift 
der Astr. Gesellschaft, XVI, 317, 1881 

57. Order of brightness of stars English Mechanic and World of 
Science, XXXIV, 278, 1881 

58 Remarkable star spectrum; new planetary nebula Sciejice, IT. 581, 

1881 , Copernicus, I, 242, 1881 

59- Spectrum of the star Li 13412. Xature, XXIII, 604, 1881. 

60. Reply to inquiries regarding time balls Professioml Papers of the 
Signal Service, No 5, p. 24. 

61. Stars with peculiar spectra, discovered at the astronomical obser- 
vatory of Harvard College A, N., Cl, 73, 1882. 

62 A plan for securing observations of the variable stars. Cambridge, 

1882. 

63. Statement of work done at the Harvard College Observatory dur- 
ing the years 1877-82 Cambridge, 1882. 

64 The Pleiades. Astr Register, XX, 40, 1882 

65. Variable stars English Mechanic aiid World of Science, XXXIV, 
543, 1882. 

66 Photometric observations of the satellites of Mars (with Oliver C 
Wendell). A, N., CII, 193, 1^2. 

67. The meridian photometer M N., XLII, 365, 1882. 

68- Photometric comparison of lunar objects. Selenographical Jour., 

V, 53 , 57, 1882. 

69. Erratum in observations of comet Wells, 1882. A N., CII, 223, 1882. 

70, Photometric measurements of Sawyer’s variable (DM. + 1® 3408), 
and its comparison stars A, N , CHI, 61, 1882 

71 New planetary nebulae. A. N., CIII, 95, 165, 1882, Amer. Jour. Sci., 
XXVI, 303, 1882 


181 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — ^VOL. XV 


72. Small planetary nebulae, discovered at the Harvard College Obser- 
vator\ The Observato}\\ V, 294, 1882; Sideteal Messenget, I, 139, 
18S2. 

73 The wedge photometer Proc. Amer Acad Arts and Sci, XVII, 
231, 1882. 

74 Observations of the transit of Venus, December 5 and 6. 1882, 
made at the Harvard College Observatory Proc. Amer. Acad. Arts and 
Sci . XVni, IS, 1883. 

75 Mountain observatories Appalachia, III, gg , The ObsefZ'atory,Yl, 
287, 18S3 

76 Researches upon the photograph}^ of planetary and stellar spectra, by 
the late Henry Draper Results of Measurements, by Edw^ard C Picker- 
ing Proc. Amer Acad. Arts and Sci , XIX, 231, 1884. 

77 Sir William Herschel’s observations of variable stars. Proc Amer 
Acad Arts and Set , XIX, 269, 1884, The Observatory, VII, 256, 18S4. 

78 Recent observations of variable stars Proc Amer Acad Arts and 
Sci , XIX, 296, 1884. 

79 Light of comparison stars for Vesta Amer Joiit Set , CXXVIII, 
17, 1S84 

80. Observations of variable stars in 1884 Proc Amer. Acad Arts and 
Scu, XX, 393, 1885 

81 A photographic study of the nebula in Orion. Proc Amer Acad 
Arts and Sci, XX, 407, 1885. 

82 Third report of the committee on Standards of Stellar Magnitude, 
E C Pickering, chairman Proc. Amer. Assoc Adv Sex, XXXIV, i, 

1885 

83 Early experiments in telegraphing sound Proc Amer. Acad Atts 
and Sci , XXI, 262, 1886. 

84. Atmospheric refraction Ibid , XXI, 268, 1886 

85 A new form of polarimeter Ibid , XXI, 294, 1886 

86 Observ'ations of variable stars in 1885. Ihxd., XXI, 319, 1886 

87. Possibility of errors in scientific research due to thought transfer- 
ence. Amer. Soc. for Psychical Research, I, 235. 

88 A plan for the extension of astronomical research Cambridge, 
1886. 

89. Accurate mountain heights. Appalachia, IV, 215; Science, VII, 
423, 1886 

90 Comparison of maps of the ultra violet spectrum. Amer Joiu Sci , 
CXXXn, 223, 18S6 

91 Heights of the White Mountains. Appalachia, IV, 305, 1884-86 

92 Investigations in stellar photography Mm. Amer Acad Arts and 
ScL, XI, 179, 1 886. 

93 Observations of variable stars in 1886 Proc. Amer Acad. Arts and 
Sci . XXII, 380, 1887 


182 



i:dWARD CHARI^ES PICKERING — BAILEY 


94 Henry Draper Memorial Second annual report of the photographic 
study of stellar spectra conducted at the Harvard College Observatory 
Cambridge, 1888, repr in y^ature, XXXVIII, 306, and Mcmone della 
Societd degh Spettroscopisti Itahanij 1888 

95 Henry Draper Memorial Third annual report. Cambridge. 1SS9; 
repr in Xature, XL, 17 

96 Beobachtungen des veranderlichen Sterns Z Sagittarii A X , 
CXXI, 188, 1S89 

97 Stars having peculiar spectra A V, CXXn,*i59, 1889 

98 Photographic chart of the heavens The Observatory, XII, 375, 
1889 

99 Henry Draper Memorial. Fourth annual report Cambridge, 
i8go; repr m Men?, del. Soc deg Spettroscopisti ItaJiani, XIX, 88. 

100 Circular on aid to astronomical research, repr in Xature, XLII, 
299, 1890, The Observatory, XIII, 2S6, 1890, Sidereal Messeugcr, IX, 
329, 1890. 

101 On the spectrum of Zeta Ursa Majoris Amer Jour. Scu, 
CXXXIX, 46, repr in The Observatory, XIII, So, 1890, Sidereal Mes- 
senger, IX, 80, 1890 

102 New variable star in Cygnus. Sidereal Messenger, IX, 232, 1S90 

103 Sur les resultats photometriques auxquels peut conduire la photo- 
graphie celeste Bull, du Comite International Permanent pour TExecu- 
tion Photographique de la Carte du Ciel, cinquieme fascicule, p 350, Paris, 

104 Letter to Admiral Mouchez. Ibid., p. 371 

105 A new class of binary stars. M X., L, 296, 1890 

106 Southern stars having peculiar spectra. A. X., CXXIII, 95, 1S90. 

107 Spectrum of Pleione, A iV, CXXIII, 95, 1890 

108. Variable stars in Cluster G C. 3636. A X , CXXIII, 207, 1890. 

109. The Star 12^ 18“ 0 — 48® 43' (18750). A. N , CXXIV, 21, 1890 

no. New variable star in Cygnus, DM +48® 2942, A. A'., CXXIV, 

271, 1890 

111 Aid to astronomical research. Sidereal Messenger, IX, 473, 1890. 

1 12 Close binary stars. Ibid., X, 5, i8gi. 

1 13 A fifth type of stellar spectra. A. X., CXXVII, i, 1891. 

1 14. The discovery of double stars by means of their spectra A. N., 
CXXVII, x 55 , 1S91. 

1 15. Spectrum of Beta Lyrae. A, X., CXXVIII, 39, 1891; repr. in The 
Observatory, XIV, 341, 1891. 

1 16 The Draper catalogue Xature, XLIV, 223, 1891. 

1 17 Distribution of energy in stellar spectra. A. N , CXXVIII, 377, 
1S91 ; repr in Asfr. and Astro-Physics, XI, 22, 1892 

1 1 8. On the new star in Auriga A. N., CXXIX, in, 1892. 

119. A new variable star in Aries A. X , CXXXI, 62, 1893. 

183 



^ATIO^’AI^ ACADEMY BIOGRAPHICAL MEMOIRS — VOL. XV 


120. The objective prism. Astr aiid Astro-Physics, XI, 199, 1892 

121. The new star in Auriga Ihid , XI, 228 
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228 \oL 48, No. 5 Distribution of stars. 1903. 

229 Yoh 48, No 8 Intensity of atmospheric lines in the solar spec- 
trum 1903 
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Arthur Searle and Oliver C Wendell). 1907. 
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234. Vol. 56, Xo I Distribution of stellar spectra 1912 

235. ^’ol 56, Xo 2. Stars having spectra of Class B 1912 

236 \'ol 37, Part I. Observations of 75 variable stars of long period, 
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237. Vol. 57, Part 2. Comparison stars for 252 variables of long period 
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238. Vol. 60, Xo 6. 1,238 nebulae discovered at the Harvard College 
Observatory. 1908 

239 Vol ‘60, Xo. 7. Double stars south of — 30°, and of magnitude 6.3 
to 7 0 1908. 

240. Vol. 63, Part 2 Sequences of 280 variable stars (with Leon Camp- 
bell) 1913. 
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ian photometer 1912. 

244 Vol. 64, No 6. Magnitudes of components of double stars 1912 

245. Vol 64 No. 7, Observations with the meridian photometer during 
the years 1907 and 1908 (with Royal H. Frost). 1912 

246. Vol. 64 No. 8, Basis of meridian photometer magnitudes. 1912 

247. Vol 69, Part I Photometric observations made with the fifteen- 
inch east equatorial, 1892 to 1902 (with Oliver C. Wendell). 1909 

248. Vol. 69, Part 2. Photometric observations made with the fifteen- 
inch east equatorial, 1903 to 1912; continuation of Part i (with Oliver C. 
Wendell). 1912. 

249. Vol 70. Durchmusterung zones observed with the twelve-inch 
meridian photometer (with Florence Cushman). 1909 

250. Vol. 71, No. I. Standard photographic magnitudes of bright stars. 

1917. 

251. Vol. 71, No. 4. Harvard standard regions (with Henrietta S. 
Leavitt) * 1913. 

252. Vol, 72, No I- Position of the moon determined photographi- 
cally (with Henry Norris Russell), 1913- 

253. Vol, 72, No, 6 Scale of the Bonn Durchmusterung. 1913. 

254. Vol. 72, No 7 - Scale of the Cordoba Durchmusterung. 1913. 

255. Vol. 74. A (Catalogue of 16,300 stars observed with the 12-inch 
meridian photometer (with Florence Cushman), 1913 

256 Vol, 7S, Part i. Bond zones of faint equatorial stars (with Mar- 
garet Harwood) , 1913- 
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257 Vol 76, No. 2 Color equation of various star catalogues 1914 

258 Vol. 76, No 9. Limiting magnitudes and uncertainh of catalogues. 

1915 

259 Vol. 76, No 12 Magnitudes of the Cape photographic Durch- 
musterung, I, 1915 

260 Vol 77. Comparison of other catalogues with Cambridge astro- 
graphic 1914, 

261 Vol. 80, No. 7 Scale of Cordoba Durchmusterung, zone — 50^ 

to — 61 °. 1916. 

262. Vol. 80, No 9. Comparison of color index and class of spec- 
trum 1917. 

263 Vol 80, No 13 Magnitudes of the Cape photographic Durchmus- 
terung, II. 1917 

264 Vol 81, No I Proper motions of stars in zone — 9° SO' to 
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265 \^ol 84, No. 4. Discussion of thirteen circumpolar variables 
1919 

266. Vol loi. Durchmusterung of selected areas between 0° and 
+ 90° (with J. C. Kapteyn) 1918 

Note to Professor Pickering’s Bibliography 

The present list of published work does not include anything published 
in either the Harvard Observatory Bulletins or the Harvard Observatory 
Circulars. The Bulletins comprise a series of brief notes, generally on 
small problems or work in progress. The Circulars are a series of larger 
papers In both senes Professor Pickering published a great many re- 
searches; but since all Bulletins and Circulars during his directorship 
were printed as of the Observatory, rather than of individual members, 
it IS impossible to tell specifically which articles were his own. Professor 
Pickering published also a series of Annual Reports of the Director of 
the Harvard Observatory' to the President of the University, giving an 
account of the work for each y^ear. These reports also have been 
omitted from the bibliography. 
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SOLON IRVING BAILEY 
1854-1931 

BY ANNIE J. CANNON * 

Solon I. Bailey, Phillips Professor of Astronomy, Emeritus, 
in Harvard University, died on June 5, 1931, after an illness of 
a few days, at his home in Norwell, Massachusetts. He had 
been connected for forty-four years with the Harvard Observa- 
tory, becoming Assistant Professor in 1893, Associate Professor 
in 1898, and Phillips Professor in 1912. From 1919 to 1921, he 
was also Acting Director of the Harvard Observatory. 

He is survived by his wife, Ruth E. Bailey, and their son, 
Irving W, Bailey, professor of Plant Anatomy in Harvard Uni- 
versity. 

Bom in Lisbon, New Hampshire, on December 29, 1854, Mr. 
Bailey, after graduating at Boston University and teaching at 
Tilton Academy, joined the staff of the Harvard Observatory in 
1887 while studying at the University for a Master's degree. He 
won by his ability and excellent judgment the entire confidence 
of the Director, Professor E. C. Pickering, and gave him un- 
swerving loyalty and devotion The two men worked together 
in complete harmony for more than thirty years over the new 
projects and undertakings of the Harvard Observatory. To 
Bailey in 1889 Professor Pickering assigned the task of finding 
an elevated location suitable for the establishment of the auxil- 
iary station made possible by the will of Uriah Boyden. At- 
tracted by reports of the clear sky and slight rainfall on the high 
plateau of Peru, where also the whole southern sky is visible, he 
with Mrs. Bailey and their small son, Irving, sailed for Peru 
from San Francisco after observing the total solar eclipse at 
Willows, on January i, 1889. 

The story of this small expedition and their lonely life on 
“Mount Harvard” is told in Volume 34 of the Harvard Annals, 

* This biography was published by Miss Cannon in the Publications of 
the Astronomical Society of the Pacific. The bibliography was prepared 
by Jenka Mohr. — Harlow Shapley. 
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Clouds prevailed, however, for a long season, and during the 
second year the station was transferred to Arequipa, the ‘'City of 
Sunshine/’ There at Carmen Alto, 8,000 feet high and two 
miles from the center of the town, the Boyden Station remained 
for thirty “five years. 

With the training in photometric work already acquired in 
Cambridge^ it was natural that Bailey's first southern investiga- 
tion should be made visually. The result was that observations 
with the meridian photometer of 7922 stars not visible in Cam- 
bridge extended the well-known Harvard photometry to the 
South Pole. 

However, as early as 1893, he was attracted by the accumulat- 
ing photographs of the southern stars and commenced his classic 
study of globular clusters by a search for variable stars on ex- 
cellent photographs taken with the 13-inch telescope The field 
of observation was almost untrodden and remained his own for 
nearly twenty-five years. Fortunately he started with the finest 
of all globular clusters, Omega Centauri, which proved to be 
rich in variables. Extending the investigations to other clusters, 
in a few years he had discovered 509 variable stars, equaling the 
total number of such objects then already known. 

As early as 1901 his discussion of 132 variables in Omega 
Centauri was published. Hundreds of thousands of measures 
of these faint flickering stars yielded to his careful study ac- 
curate light curves and periods. Later, the variables in the 
clusters M3, M5, and Mi 5 were discussed in similar mono- 
graphs. The astonishing facts were revealed that a majority of 
the cluster variables have periods not far from half of a day and 
that the median magnitude of all variables in any cluster is uni- 
form, whatever the length of the period. 

Later when it became known that the periods of Cepheids are 
correlated with the magnitude and indicative of the distance, 
these cluster variables of short period became of increased use- 
fulness and were an important factor in Dr. Shapley’s determina- 
tions of the parallaxes of globular clusters and his contributions 
to our knowledge of galactic dimensions. 

Professor Bailey’s work was characterized by thoroughness 
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and accuracy. Thus, after twenty years, when Dr. Shapley 
measured fifty-four of Bailey’s variables on photographs taken 
at Mount Wilson with the 6o-mch telescope, he found that 
Bailey’s periods are accurate to one-tenth of a second, and 
added: ^‘Few, if any, of Bailey’s formulae seem to be seriously 
in error.” 

Another problem taken up in Peru was the measurement of 
the light of several asteroids Eros, at the opposition of 1903, 
was far south. The period of variation, 0.2196 days, which 
Bailey derived from his extensive photometric and photographic 
observations, proved to be the most accurate of that time, and 
when two ciphers are added it has also been found to represent 
the light changes of 1931 to a fraction of a second. 

Not all of his time in South America could be given to the 
stars, however, for in the absence of any reliable records a large 
scheme was planned to establish meteorological stations from 
sea-level up to an elevation of 19,000 feet. Bailey’s lonely and 
sometimes hazardous journeys, generally on horseback, over 
many parts of Peru for this purpose might have daunted a less 
fearless man. 

There were adventures such as swinging from peak to peak 
over a deep valley in a cage suspended by a single cable, or 
descending rapidly from elevations of 10,000 feet in a hand car 
with gravitation as the motive power, or passing nights on deso- 
late mountains where perhaps the only sounds were the ‘'ripple 
of the Rimac far below, and the flapping of a condor’s wings.” 
Several of the stations were at such high elevations that the 
dreaded soroche (mountain sickness) lessened his vitality so 
that any exertion was almost impossible. 

The difficulties and discouragements of establishing a station 
on top of El Misti, Arequipa’s nearly extinct volcano, 19,200 
feet high, might have baffled a less determined man. Upon his 
first attempt to walk up, he becaine unconscious at the altitude of 
16,000 feet and had to be carried down the mountain. Observ- 
ing that the pack mules reached the top with slight discomfort, 
it occurred to him that if fatigue could be lessened by riding, this 
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elevated station might be maintained. Thus the problem was 
solved by the construction of a mule-path to the summit. 

A vivid description of this project is given in Harvard Annals 
39, the first volume of the Peruvian Meteorology. After Pro- 
fessor Bailey and his party had passed eight consecutive days 
and nights at altitudes from 13,000 to 19,000 feet, urging, 
threatening, rewarding the Indians who shoveled the trail, he 
thus describes the arrival at the summit: “Panting for breath, 
stopping to rest at every three or four steps, often struggling on 
hands and knees, we kept on, hardly believing there could come 
an end, when, suddenly, we were there. There was no introduc- 
tion; we did not come to the crater; the crater had come to us. 
All things conspired to produce surroundings which few have 
seen and none described. The great altitude, the enormous 
craters, the sulphurous vapors, the drift clouds, the deep 
shadows cast by the setting sun, the inexplicable depression of 
spirits caused by the exhaustion and illness, combined to pro- 
duce the profoundest sense of awe ” El Misti station, the 
highest in the world, thus established, was maintained for six 
years, probably sufficiently long in that equable climate. 

One of Professor Pickering's fondest astronomical dreams 
was of a “great international telescope” to be located at the best 
place on the planet for star study. Professor Bailey went to 
South Africa in 1908 to see if a better location than Arequipa 
could be found for this purpose- After making atmospheric 
tests at Cape Town, Bloemfontein, and Johannesburg, he settled 
upon Hanover, Cape Colony, for a temporary station and there 
took his beautiful long exposures of the southern Milky Way, 
later published in the Annals. No immediate results came from 
this journey, for Professor Pickering's dream never came true. 

Among Bailey's honors may be mentioned that he was a for- 
eign associate of the Royal Astronomical Society, a member of 
the National Academy of Sciences, the American Academy of 
Arts and Sciences, the Astronomische Gesellschaft, and of the 
International Astronomical Union, in which he was, in 1922, 
President of the Variable Star Commission. 

In 1923, in Arequipa, he was made an honorary Doctor of 
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Science and honorary Professor of x\stronomy in the ancient 
University of St. Au^stin, 

Wishing, as he said, one more visit to Arequipa, to settle some 
perplexing points about his cluster variables, Professor Bailey 
made plans to sail for Peru when relieved of administrative care 
by the appointment of Dr Shapley as Director. It was the 
good fortune of the writer to go in 1922 with Professor and 
Mrs. Bailey on this their fifth and last expedition. Together 
with the delightful experiences of actually seeing celestial 
acquaintances of many years, such as the great star fields of 
Carina, the Southern Cross, and the brilliant Sagittarius rising 
over the Andes, was blended the pleasure of visiting the Land 
of the Incas with such expert guides, and of becoming acquainted 
with the many friends of Professor and Mrs. Bailey in Lima 
and Arequipa. A most cordial welcome was given them by such 
prominent Arequipanians as the Polars, the Romanas, the 
Llosas, and Mrs. Bates, of the renowned Quinta Bates. A 
formal reception was given by Dr. Jorge Polar in his beautiful 
home, and an afternoon party by the Romanas in their charming 
country home at Savendia, where the Peruvian national dishes 
were served. 

Always commanding the highest respect, Professor Bailey was 
a great favorite in Arequipa, where he was spoken of as the ideal 
American gentleman. A certain New England reserve and shy- 
ness, sometimes noticeable in his own country, melted away 
under the tropical Peruvian sky, so that in '"simpatica” Are- 
quipa this son of the Granite State seemed to attain the finest 
flower of his manhood, 

Mrs. Bailey was a skillful and charming hostess. Many 
Arequipa friends-^as well as American visitors enjoyed the in- 
formal teas on the Observatory balcony over the garden, con- 
stantly full of luxuriant flowers, with the beautiful view of the 
rushing Chile River, up to majestic El Misti, framed in the 
tropical sky. 

But nothing in the social line was allowed to interfere with 
the observing. Every clear night Professor Bailey was busy as 
soon as darkness set in, making plates of long exposures with his 
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old friend, the Bruce 24-mch doublet. No matter how whimsi- 
cal this instrument might be, he could nearly always coax it into 
good humor. Often following for six hours, during which his 
post could not be left for more than a minute at a time, he made 
many beautiful and useful plates, especially of globular clusters, 
the rich Sagittarius region, the almost barren south galactic 
pole, and the great nebulae of Carina and Rho Ophiuchi. 

By day he was busy making star counts for a proposed study 
of stellar distribution, or m the examination of his plates for 
variables and nebulae. Years earlier he had been one of the 
first to realize the importance of the photographic study of 
extra-galactic nebulae. Before 1908 he had formulated a classi- 
fication of '‘Bright Clusters and Nebulae,’' and had published 
catalogues containing nearly two thousand nebulae found on 
the Harvard photographs 

Modest to the extreme, never given to exploiting his own 
experiences or travels, unfortunately he wrote little about them 
except in the formal Annals of the Observatory From year 
to year, on his various journeys, he made a valuable collection 
of Inca pottery, silver, and other historical relics of the early 
mythical Peruvian dwellers. 

That he could write delightfully in a lighter vein is seen in 
occasional papers like “An Astronomical Interlude," published in 
the Harvard Alumni Bulletin, and “A New Peruvian Route to 
the Plain of the Amazon,” published in the National Geographic 
Magazine. Buried in the meteorological volumes of the Har- 
vard Annals are facts concerning the heights and configurations 
of the Andes, the volcano El Misti, the Desert of Atacama, and 
the Oroya Valley, which may be found useful in years to come, 
when, as Bailey pictured, the plain of the Amazon may be “the 
scene of manifold industries, and the home of millions of pros- 
perous dwellers.” 

Returning to Cambridge late in 1923, he continued his investi- 
gation of cluster variables and stellar distribution, until, at Dr 
Shapley's request, he started to prepare a history of the Harvard 
Observatory. He kept on with undiminished industry, even 
after his retirement in 1925, so that this useful book and also 
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the last instalment of Peruvian Meteorology were finished before 
his fatal illness. The History and Work of the Harvard Obser- 
vatory, Harvard Monograph No 4, commences even before the 
foundation of the Observatory with its historical background in 
the Massachusetts Bay Colony as early as 1674, and continues 
in an able and unbiased presentation of the problems and person- 
nel of the Observatory from 1839 to 1927, 

Although dignified by nature, Professor Bailey thoroughly en- 
joyed the human side of life, and was of such a sympathetic na- 
ture that he was often consulted on subjects decidedly outside of 
astronomy. He won the respect of all by his wide sympathy, his 
justice, his never-failing kindness, and his complete lack of self- 
seeking. 

*'His life was gentle.” And yet with its gentleness and gen- 
tlemanliness, there was a great strength, the strength of faith in 
God and humanity, and in appreciation of the fundamental 
eternal truths of science and of life, for which, as he himself 
wrote, '^there is need not only of intelligence, but of imagina- 
tion.” 

His name should always be honorably associated with the 
great development of astronomy which began during the last 
decade of the nineteenth century, for his pioneer labors in the 
photography of the southern stars helped to open up the whole 
sky to modem astronomers, and his early investigations of vari- 
able stars in globular clusters provided an important foundation 
stone for the structure of the new cosmogony. 
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THOMAS STERRY HUNT 
1826-1892 

BY ?RANK DAWSON ADAMS 

Thomas Sterry Hunt was born in Norwich, Connecticut, on 
September 5, 1826, and died in New York on February 12, 1892. 
Forty years have now^ elapsed since he passed away so that but 
few men of science of the present generation knew him He 
was, however, an outstanding figure in science m the last century 
and one who made many and important contributions to the 
knowledge of his time. 

His second name Sterry was derived from his mother’s side 
of the family. The Sterrys were a famous family among the 
Puritans in England in the time of the Commonwealth, several 
of them were preachers of renown. One of them, Peter Sterry, 
was Chaplain to Oliver Cromwell, while another, Thomas 
Sterry, was the author of the well known tract '‘A Riot among 
the Bishops, or a Terrible Tempest in the Sea of Canterbury.’^ 
A branch of the family consisting of three brothers — Roger. 
Robert and Cyprian Sterry — ^together with a sister, came to 
America about 1753 and settled at Providence. Two of Roger’s 
sons, John and Consider, edited and published The True Repub- 
lican, a leading organ of the old Jeffersonian part}" Jane Eliza- 
beth, a daughter of Consider Sterry, was married to Peleg Hunt 
in 1823 and Thomas Sterry Hunt was their child. He often 
referred to his ‘Thiele Consider/’ w"hose name, following a 
common usage among the Puritans, was the abbreviation of a 
more extended designation, in this case a verse of Scripture, liis 
full name being “Consider-the-lilies-of-the-field-how-they-grow 
Sterry.” Sterry Hunt’s father died in 1838, leaving his wife in 
rather straitened circumstances She was, however, a woman of 
character and ability and by her own exertions brought up and 
educated her family — ^}"oung Hunt had to leave school and go to 
work for his living at the age of thirteen. His strong predisposi- 
tion toward science was manifested from the first and he con- 
trived, while working in the shop during the day, to find leisure 
for study and to carry out chemical experiments. 


207 



NATIOX \L ACADEMY EIOGRAPH]CAT, MEMOIRS — VOE XV 


Hunt’s ideal man of science ^as ]\Iichael Faraday and the 
early career of the two men followed closely similar lines The 
Sixth Annual ^Meeting of the Association of American Geolo- 
gists and Naturalists, the progenitor of the present American 
Association for the Advancement of Science, which was held 
at Xew Haven in 1845. gave Hunt his first formal introduction 
to the world of science He attended the meetings as a corre- 
spondent for a Xew York newspaper but was unanimously 
elected a member of the Association Shortly after this Hunt 
was fortunate enough to make the acquaintance and to enlist the 
friendship of the elder Silliman, who played the same part for 
him that Da\y did for Faraday Recognizing his abilities and 
promise, Silhnian secured his admission to the Scientific School 
of Yale University, where, under the younger Silliman, he en- 
tered upon his career as a chemist. During an hour or two each 
day he assisted Silliman in connection with his lectures, while 
the rest of his time was devoted to analytical work m the chemi- 
cal laboratory. Writing to a friend in 1845, says, *T have 
seated myself in the laboratory with the flasks by my side so as 
to work and write at the same time. ... I have free 
access to Professor Silliman’s cabinet and a key to unlock all the 
cases. ... I am boarding in a club of students at $1.25 a 
week We have little or no meat I do not like this very well, 
but It is cheaper, though I think I will board myself after a while. 
The room I expected to have has been occupied, as I was uncer- 
tain whether I was coming and so I have taken up my lodgings 
in the loft of the laboratory building itself and am so quite at 
home with chemical apparatus and preparations all around, 'they 
are congenial spirits,’ as Mr. Silliman remarked when he showed 
me the room.’’ 

During the years 1845, 1846 and 1847, while at Yale, he con- 
tributed no less than eighteen articles and notes to Silliman's 
Journal, his first paper being entitled "A Description and 
Analysis of a New Mineral Species Containing Titanium, with 
Some Remarks on the Constitution of Tellurium Minerals.” His 
wide acquaintance with chemistry is also shown by the fact 
that he wrote the portion dealing with organic chemistry, of 
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Silliman's “First Principles of Chemistry ’’ Professor Silliman 
in the preface to the first edition of this work writes propheti- 
cally of the high position which his young assistant was to 
attain in his chosen profession; “The author takes pleasure in 
acknowledging the important aid derived in this portion of his 
work from his friend and professional assistant, ilr. Thomas 
Sterry Hunt, whose familiarity with the philosophy and details 
of chemistry will not fail to make him one of its ablest follow- 
ers. The labour of compiling the organic chemistry has fallen 
almost solely upon him.*' 

In 1842, the Geological Survey of Canada was established and 
in the Spring of the following year Mr William E. Logan 
( afterwards Sir William Logan) entered upon his duties as its 
first Director So soon as the work of its preliminary organiza- 
tion had been completed, Mr Logan felt the imperative need of 
an able chemist and mineralogist on his staff and wrote to Pro- 
fessor Silliman, Jr , asking him if he knew of anyone whom he 
could recommend for the position Silliman strongly recom- 
mended Hunt as a suitable person and in this he was warmly 
supported by Professor C L^pham Smith and Professor J D. 
Dana. 

Hunt accordingly — although then but twenty years of age — 
came in February, 1847, Montreal and took up his duties as 
Chemist and ilineralogist to the Geological Survey of Canada 
For the next twenty-five years Sterry Hunt lived and worked in 
Canada. This was by far the most productive period of his life 
and his name will consequently always be associated in a very 
special way with the Dominion of Canada. The first report 
which he made after his appointment to his new position was 
submitted to Logan in April, 1848, and dealt with the petrogra- 
phy and mineralogy of the Grenville limestones occurring along 
the course of the Ottawa River and with certain mineral waters 
in this and adjacent districts. This was followed by other 
reports in subsequent years. An immense amount of informa- 
tion concerning the geology and mineral resources of the great 
virgin field which Canada then presented was rapidly gathered 
together by the officers of the Geological Survey and Logan 
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decided to collect and correlate this This was done and the 
results wertt presented to the public in the large volume of nearly 
1. 000 pages issued in 1863 under the title of the ‘'Geology of 
Canada/' That portion of this volume dealing with petrogra- 
phy, mineralogy, the mineral waters and a large portion of the 
chapters on economic geology, were from the pen of Sterry 
Hunt 

These early vears on the Canadian Survey brought to Hunt 
a great wealth of information and directed his attention to 
certain lines of thought and investigation which he developed 
as the years went on. While he undertook a certain amount of 
geological field work and made a number of important observa- 
tions in the field, and while he wrote extensively on geological 
subjects, he was first and foremost a chemist and he approached 
all the subjects which he studied from the standpoint of chemis- 
try. His contributions to geology dealt chiefly with the old 
crystalline and metamorphic rocks of the earth’s crust 

His work, however, on the structure of the palaeozoic rocks 
of Ontario and of the Gaspe Peninsula and its relation to the 
occurrence of petroleum was of the first importance In a paper 
entitled “Notes on the History of Petroleum or Rock Oil,’’ which 
appeared in the Canadian Naturalist and Geologist for August, 
1861 (Vol. VI, pp. 241-255), referring to a large number of oil 
wells wliich had been sunk in the township of Enniskillen in the 
ProHnce of Ontario, Hunt writes : “These wells occur along the 
line of a low broad anticlinal axis which runs nearly east and 
west through the western peninsula of Canada . . . the 

oil doubtless rises from the Corniferous limestone which con- 
tains petroleum, this being lighter than the water which per- 
meates at the same time the porous strata, rises to the higher 
portion of the formation which is the crest of the anticlinal axis, 
where the petroleum of a considerable area accumulates and 
slowly finds its way to the surface through vertical fissures in 
the overlying Hamilton shales, giving rise to the oil springs of the 
region.” Earlier in the same year, in a lecture which he de- 
livered before the Board of Arts of Montreal and which was 
reported in the Montreal Gazette of March i, 1861, Hunt 
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pointed out this relation of the oil wells of Ontario to the anti- 
clinal folds in this region This relation of petroleum deposits 
to anticlinal folds, the recognition of which has led to such tre- 
mendous economic results, Hunt believed that he was the first to 
point out in the letter in question. In which belief he tvas 
apparently correct Professor E. B Andrews, in a paper on 
'‘Rock Oil, Its Geological Relations and Distribution/’ in the 
American Journal of Science for July, i86i, describes the occur- 
rence of oil and gas springs on the axis of an anticlinal fold in 
Ohio, In his pamphlet ‘‘Petroleum, Its Geological Relations,'’ 
published in Quebec in 1865, Hunt then acting as Director of 
the Geological Survey of Canada, Sir Whlliam Logan being 
absent from Canada at the time, makes a somewhat detailed 
report of the occurrences of petroleum in the Gaspe Peninsula 
in the Province of Quebec in which these petroleum occurrences 
also are shown to be directly connected with anticlinal folds, the 
oil rising from petroleum-bearing strata below into a pervious 
overlying series of beds with an impervious cover. 

The wide range of researches and the extended contributions 
which he made to science will be seen by glancing over the 
bibliography which is appended. It is unnecessary to refer to 
all these but there are two subjects to which he devoted much 
time and study and to which attention may therefore be directed. 

The first of these is that of the “Origin and Succession of the 
Ancient Crystalline Rocks of North America ” 

In his “Chemistry of Metamorphic Rocks,” read before the 
Dublin Geological Society in 1863, he classified these into the 
following four series set forth in ascending order- i. “The 
Laurentian System representing the oldest known rocks and 
supposed to be the equivalent of the Primitive Gneiss formation 
of Scandinavia and that of the Western Islands of Scotland.” 
2. “A great development of anortholites of which the hypers- 
thenite or opalescent feldspar-rock of Labrador may be taken 
as a type. These strata overlie the Laurentian gneiss and are 
regarded as constituting a second and more recent group of 
crystalline rocks, to which the name of the Labrador Series may 
be provisionally given. From evidence recently submitted. Sir 
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W illiam Logan conceives it probable that this series is un- 
conformable with the older Laurentian System and is separated 
from It by a long period of time.” 3 “A great series of crystal- 
line schists ( the Green ^fountain Series ) which in Canada are 
referred to as the Quebec Group, an inferior part of the Lower 
Silurian System. It appears to correspond both lithologically 
and stratigraphically with the schistose group of the Primitive 
Slate Formation of Xorway. The Huronian series of Canada 
in like manner appears to correspond to the Quartzose Group 
of the Primitive Slate Formation. It has as yet been but im- 
perfectly studied and will not be further considered ” 4. '‘This 
is a senes of quartzose and micaceous schists with Staurolite 
and red garnet,” which he named the White jMountain Series. 

He states in this paper that it cannot be doubted that in the 
earlier period of the world’s history, chemical forces of certain 
kinds were much more active than at the present day. In the 
successive periods above mentioned, he believed that owing to 
successue chemical changes in the character of the ocean waters 
and of the detritus earned into the oceans from the land, the 
deposits laid down on the ocean floor — partly chemical precipi- 
tates and partly fine clastic material — were characterized by a 
progressive change in chemical composition, which when the 
deposits were metamorphosed gave rise to the distinctive differ- 
ences in petrographical character displayed by the four series 
referred to above. He goes on to say that the question there- 
fore arises whether the chemical conditions which have presided 
over the formation of Sedimentary rocks have not so far varied 
in the course of ages, as to impress upon the rocks marked 
chemical and mineralogical differences, which in the absence of 
organic remains or stratigraphical evidence might be used as a 
means of determining the age of a given series of stratified rocks 

In his address as Vice President of the American Association 
for the Advancement of Science in 1871, he set forth a revised 
and extended classification of these ancient rocks, now arranging 
them in the following six series, again in ascending order: 
Laurentian, Norian, Huronian, ilontalban, Taconian, and 
Keewenian. 
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His opinion both as to origin and succession of these ancient 
rocks was opposed by Dana, Logan and others and led to wide- 
spread controversy His views as to their origin inclined largely 
to those of the old Neptunists and have not received much sup- 
port from more recent studies. The Norian senes has been 
shown to have no place in the succession, being composed en- 
tirely of intrusive rocks and many of the rocks which Hunt 
regarded as of sedimentary origin and characteristic of the other 
series have proved to be of igneous origin. He, however, carried 
on a vigorous campaign in support of his views to the end. 

The last field work which Hunt did was in southeastern 
Pennsylvania in the years 1875 and 1878. This was for the 
Second Geological Survey of Pennsylvania under J P. Lesley 
He was to have written two volumes for this Survey, the first 
being an historical account of the development of the knowledge 
of “Azoic” or Pre-Cambnan rocks of North America, while the 
second volume was to have given an account of the rocks of this 
age in Pennsylvania. Only the first of these volumes was com- 
pleted. It was published in 1878 under the title of '"Special 
Report on the Trap Dykes and Azoic Rocks of Southeastern 
Pennsylvania.” Professor Lesley m his introduction to this 
volume says . "Tt is a treasury of notes and suggestions of the 
greatest value to the geologists of Pennsylvania and of other 
States working in such districts as are occupied at the surface 
or are underlain at moderate depths by the Cambrian and sub- 
Cambrian formations, although no final demonstration has been 
accomplished by the author of those problems of superposition, 
uncon formability and identification at which so many geologists 
are still half despairingly at work. But his opinion of the final 
solutions of these problems will reinforce their own when they 
agree and lead to discussion when they disagree.” The very 
difficult problem of deciphering these half-obliterated palimpsests 
in which is set forth the history of the primeval world, cannot 
indeed be solved by any amount of discussion but only by long- 
continued, close and accurate observation in the field — a method 
of approach which, it is feared, was not congenial to Hunt. 
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Fourteen }ears later, when in 1892 Lesley presented a com- 
pendium of the results attained by the Second Survey of Penn- 
sylvania in his “Summary Description of the Geolog}’ of Penn- 
sylvania/' the somewhat transcendental character of Hunt’s 
geological studies and opinions seems to have impressed him, for 
m his chapter on the * Earliest Archaean” in Volume i, he writes 
as follows : 

“The surface of the earth was no longer hot enough to keep 
all the water of the planet in a state of vapour in the surrounding 
atmosphere ; descending in local deluges of sour ram to boil upon 
the rocks and dissolve apart their mineral elements, sweep them 
into hollows and there leave them while it sprang aloft as steam 
to rejoin the universal canopy of cloud All of this had taken 
place before the first age of which we have any geological monu- 
ments and is known only to God and Dr. Sterry Hunt, who has 
described it magnificently m his 'Chemical Researches’ ” 

These views of Hunt referred to by Lesley are put forward 
in his paper on “The Chemistry of the Primeval Earth,” which 
is to be found in his “Chemical and Geological Essays,” pub- 
lished in 1S74 and which volume of essays passed through four 
editions. This essay was developed and expanded in his later 
paper entitled “The Origin of Crystalline Rocks,” which ap- 
peared in the “Transactions of the Royal Society of Canada,” 
Section III, 1884. This paper is an exposition of his “Crenitic 
Hypothesis ” 

According to this theory a basic quartzless rock formed the 
exterior portion of the cooling molten globe and was the last por- 
tion of the globe to solidify. This was fissured and made porous 
through refrigeration and crystallization and was thus rendered 
permeable to considerable depths The heated waters which 
condensed upon this surface thus passed downward but owing to 
the central heat of the earth, a system of aqueous circulation was 
set up in the mass. The materials which these heated waters 
dissolved out of this basic rock through which they were circu- 
lating would be essentially those which infiltrating waters in 
subsequent ages have removed from erupted masses of similar 
rock, namely silica, silicates of the alkalies and of lime and cer- 
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tain double silicates of these bases with alumina i zeolites and 
feldsparsj, together with oxides of iron and carbonate of lime, 
due to admixture of atmospheric carbon dioxide These mate- 
rials would be brought to the surface and there deposited, or 
they might be deposited in the fissures through which the waters 
rose. In fact they are, according to this theory, to be seen now 
in the pegmatite veins or dykes cutting the most ancient rocks 
of the earth’s crust in all parts of the world where these are 
exposed. These waters, however, when they reach the surface 
would deposit their dissolved contents, as the temperature was 
lowered, in layers of crystalline acid granitic or gneissic rock, 
spread over the original surface of the cooling globe Avhile the 
insoluble basic residue of the original crust represents the typical 
basaltic la3^er assumed by Bunsen. 

Therefore all gneisses, hornblende and micaceous schists, 
olivine rocks, serpentines and m short all crystalline stratified 
rocks, are of neptunian origin and not the results of the meta- 
morphism of either aqueous sediments or of volcanic materials. 
The chemical and mechanical conditions under which these 
rocks were deposited have not, according to Hunt, been repro- 
duced since the beginning of Palaeozoic time The eruptive 
rocks, according to this Crenetic H\'pothesis are for the most 
part softened and displaced portions of these ancient neptunian 
rocks or of the basic shell on which they rest 

In another of his more important papers, entitled "‘On a Nat- 
ural System in Mineralogy with a Classification of Natural 
Silicates/’ Hunt gives expression to certain ideas on another 
subject, which had been maturing in his mind for several years. 
This was read before the Ro^^al Society of Canada in 1885 and 
printed in the “Transactions” of this Society in the following 
year- 

Werner, who died m 1817 and was succeeded at the Freiberg 
School of Mines by Frederich Mohs, prepared a classification of 
the Mineral System based on external characters. Mohs in his 
“Mineralogy,” which appeared in 1822-24, completed Werner’s 
work and the method of classification thus introduced was 
designated by Jamieson as the “Natural History Method” for 
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the classification of minerals. Dana adopted this method in the 
first and second editions of his ‘‘System of Mineralogy/’ but 
abandoned it in the third edition published in 1850, and in the 
preface to the fourth edition stated that in his opinion the system 
of Werner and Mohs had subserved its end and that a system 
more consistent with the new \news on chemistry should be 
adopted. He accordingly, in his fourth edition, which appeared 
in 1854, adapted a chemical classification, the so-called Berzelian 
System 

In this paper Hunt proposes a system of classification in 
which he combines these two methods, holding that the physical 
features of minerals “had inherent and necessary relations with 
the chemical composition,^’ and this system he therefore calls a 
“Xatural System of ilineralogy.” As organic chemistry is the 
chemistry of the carbon compounds, so Mineralogy is largely 
the chemistry of the compounds of Silicon, and in this new sys- 
tem Hunt strives to show that the structure of the silicate mole- 
cules in minerals is analogous to that found in the carbon 
compounds. “All species crystallizing in the same shape have 
the same equivalent volume so that their equivalent weights 
fas in the case of vapours) are directly as their densities and 
their equivalents of mineral species are as much more ele- 
vated than those of the Carbon Series as the specific granites are 
higher. . . . The laws of progressive or homologous series, 

previously recognized only in hydrocarbonaceous bodies, must 
be extended to mineral species and are of universal applica- 
tion. , . . The variations observed in chemical composition 
of mineral species are due not only to their high polybasic char- 
acter, but also, in certain cases to indefinite admixtures of 
homoeomorphous species, as previously indicated by Delesse, 
Scheerer, and Von Wathershausen, extended and generalized 
by myself and subsequently adopted by Tschermak.” 

Hunt’s “Crenitic Hypothesis” and his “Natural System in 
^Mineralogy” have not met with very wide acceptance, but time 
will show whether, with the advance of science, they may not be 
found to contain some things which are worthy of more attention 
than they have hitherto received. 
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In addition to the immense amount of detailed analytical and 
descriptive work which Hunt earned out as Chemist and ]Mine- 
ralogist of the Geological Survey of Canada, he gave a course of 
lectures on Chemistry every Spring at Laval University in 
Quebec, from 1856 until 1862. These lectures he delivered in 
French, which language he spoke with fluency and elegance He 
also for several years lectured at ^McGill University in ]^Iontreal 
It was not, however, until he severed his connections with the 
Geological Survey of Canada to accept the Professorship of 
Geology in the Alassachusetts Institute of Technolog}', in 1872, 
that he devoted his time exclusively to university work He 
retained his professorship in Boston until the year 1878. Teach- 
ing, however, Avas not congenial to him. He had neither the 
desire nor the patience to follow what were to him the dry details 
of the geological study of periods of the earth’s history in which 
he took no particular interest. Neither had he the peailiar 
qualities of personality which lead the teacher to take a special 
interest in his students, which in the case of so many teachers 
call forth a peculiar spirit of devotion to him on the part of his 
students. His talents lay in other directions, and so later his 
application for the Chair of Geolog>’ at Columbia University, 
although supported by Lyell, ilurchison, Dana, Silliman, the 
Rogers and others, was rejected in favor of Newberry. 

While devoting much of his time to problems of pure science 
Dr Hunt was also attracted by chemistry and geology in their 
practical applications. When on the staff of the Geological Sur- 
vey of Canada he made reports on the ‘'Gold !Mines of Canada” 
(1863) ; "On Petroleum in Gaspe” (1865) ; “On the Gold Re- 
gions of Lower Canada” (1866) ; “On the Gold Deposits of the 
County of Hastings, Ontario” (1867) ; “On the Goderich Salt 
Region in Ontario” (1869), etc., and wTote many other papers 
dealing with economic geology. 

In 1857 he first suggested the use of sesquioxide of chromium 
as the basis of a green ink for printing bank notes, it being a 
substance which could not be removed by either an acid or an 
alkali without destroying the paper and which also could not 
be satisfactorily photographed. This invention was patented and 
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being subsequently adopted in the United States for the printing 
of “greenbacks"' became very valuable, but Hunt himself never 
reaped any substantial reward from his discovery. 

Early in his career he became acquainted with Dr. James 
Douglas, of Quebec, an acquaintance which ripened into an inti- 
mate and lifelong friendship. Dr. Douglas, who later became 
associated u ith the celebrated Copper Queen iline in Arizona, 
was at this time interested m the development of certain copper 
deposits in the Province of Quebec and with Hunt invented the 
Hunt and Douglas process for the extraction of copper by a 
wet method. This was described in a paper which appeared in 
1871 Dr, Douglas read before the American Philosophical 
Society in 1898 an extended obituary notice of his friend Sterry 
Hunt, giving many details concerning his early life work which 
have been drawn upon in preparing the present memoir 

Dr. Sterry Hunt had an outstanding personality He came of 
good stock and had cultivated his great natural abilities. Not 
only had he an intimate knowledge of those branches of science 
in which his work chiefly lay, but he possessed a wide general 
knowledge of the other natural and physical sciences. He had 
furthermore a wide acquaintance with literature and a highly 
cultivated literary taste He had a peculiar charm of manner 
and was an excellent speaker and a brilliant conversationalist, 
conversations with him, however, generally passing into a mono- 
logue on his part, to which the other members of the party be- 
came interested and often delighted listeners He always wrote 
and spoke with accuracy and, where the subject permitted, wdth 
el^ance. He had a perfect command not only of English but 
also of the French language, speaking French readily and hav- 
ing a wide familiarity with French literature The Abbe J. C. K. 
Lafiamme, of Laval University, who knew Hunt intimately, in 
his presidential address to the Royal Society of Canada in 1892 
writes of him “11 garda cependant toute sa vie un veritable culte 
pour la forme. On le constate facilement en parcourant n’im- 
porte lequel de ses ouvrages. La phrase est ton jours irreproach- ‘ 
able et facile, souvent elegante.” 

He impressed the writer, who, when a student at McGill 
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University often met him, as a man of real genius ; but if he was 
such it \vas not that “genius which is patience/' according to 
Buffon's definition, for Hunt was somewhat impatient and some- 
times even irritable in disposition. His mind, active and specula- 
tive, tended to pass rapidly from one great conception to another 
and would not brook the delay necessary to examine details 
which were often vital to the subject. 

A characteristic which impressed many people unfavorably 
was his rather too frequent and definite insistence on priority for 
his many views and opinions It is to be feared that, like some 
other great men, he possessed, together with other undesirable 
qualities, a certain amount of vanity in his disposition. Dr. 
Douglas in his memoir of Hunt, to which reference has been 
made, says of Hunt : 

“His temperament was always distinctly religious. He w^ent 
to Canada as a high-strung, imaginative boy, who had been 
brought up in the strictest school of Connecticut Congregational- 
ism In Montreal he was at once admitted into the inner circle 
of the French Canadian Society, which retained much of the 
culture and grace of the Ancien Regime, was devoutly Catholic, 
and was controlled by French ecclesiastics of great suavity, 
tact and intellectual acuteness. Under these influences Hunt 
adopted the Roman Catholic faith, and remained a devout son 
of the Church till after the breaking out of the war of Rebellion, 
when he abandoned the Church as openly and with the same 
courage and sincerity as he had shown in entering it, though in 
so doing he alienated some of his dearest friends. Whatever may 
have been his faults, cowardice and duplicity were not among 
them." 

Hunt received many honors, degrees and decorations. The 
degree of M. A. was conferred upon him by Harvard Univer- 
sity. The University of Cambridge, England, gave him the 
honorary degree of EL. D. in i88i, assigning to him while its 
guest, chambers in Trinity College near the rooms which had 
been occupied by Newton. It was under the inspiration which 
he felt on this occasion that he wrote his admirable essay “On 
Celestial Chemistry from the Time of Newton." Laval Univer- 
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sity conferred upon him the degree of LL. D at its first convoca- 
tion He was elected a Fellow of the Royal Society of London 
in 1859, being the youngest man who up to that time had received 
this coveted distinction. In 1873 he was elected to membership 
in the Xational Academy of Sciences. He was also a Chevalier 
of the Legion of Honor and subsequently was raised to the rank 
of Officer. 

After the Congress of Bologna, King Humbert decorated him 
with the Order of St. ilauritius and St. Lazarus He took an 
active part in founding the Royal Society of Canada in 1882 
Hunt was the first Chairman of the Section of ^Mathematical, 
Physical and Chemical Sciences and was elected President of the 
Society for the years 1884 and 1885. 

Hunt remained a bachelor until late m life, but in 1877 mar- 
ried Aliss Anna Rebecca Gale, who belonged to a very well- 
known family in Montreal 

In the early eighties his health began to fail and the last two 
years of his life were spent in his room at the Park Avenue 
Hotel, New York, or in St Luke^s Hospital. He, however, 
worked continuously till the very last and up to the day before 
he died spent several hours each day at his desk engaged in the 
preparation of a new book. During these last dreary months of 
confinement his chief solace was in tending his flowers and 
plants, in which he took a deep interest, not only as a well-trained 
botanist but as a lover of all things of beauty, having probably 
m mind the well-known words of St. Francis 

Laudato si, mi Sigfiore, per sora nostra madre terra 

La quale ne sustenta et governa, 

Et produce diversi fructi con colorite fiori et herba. 
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second series, xxix, pp 11S-124 

On some points m chemical geology B A 7 ? , p. S3 

1861 

On the theory of types m chemistry C J.j vi, pp 120-129, C R , hi 
pp 247-250, P M., xxii, pp 15-23; S /, xxxi, pp. 256-264 
On some points m American geology C. A’’ , vi, pp 81-106 , S J , xxxi, 
pp 392-414. Reprinted in part as ^'The origin of mountains” in C & G. B 
Xote on chloritoid from Canada S, J., xxxi, pp 442-443 
On ozone, nitrous acid and nitrogen. 5 * /, xxxn, pp log-iio 
On the Taconic System of Dr. Emmons. S, J., second series, xxxii, 
pp. 427-430- 

On the origin of some magnesian and aluminous rocks C X , vi, pp. 
180-184, S xxxii, p 286, C. 1862, pp 158-160 

Xotes on the history of petroleum or rock oil C. X , vi, pp 241-255, 
C XcTx's, VI, 1862, pp 5, 6, 16-19, 35, 36 
Air Barrande on the primordial zone in North America, and on the 
Taconic System of Emmons C* X,^ vi, pp 374-383 

1862 

Considerations sur la chimie du globe C R., hv, pp iigo-1195, C X., 
vii, pp. 201-205 

Xote on the Taconic Sj^stem of Emmons. C N , vii, pp 78-80; vS’. J , 
xxxin, pp 135-136 

Xote on the occurrence of glauconite in the Lower Silurian rocks. 
S. J . second series, xxxiii, pp 277-278 
On the chemistry of the earth. C. N , vii, pp. 201-205; C R, June 9, 
1862. 

Descriptive catalogue of collection of economic minerals of Canada, 
and of Its crystalline rocks sent to the London Exhibition of 1862. C G 
S , pp 61-63, 

Note on the various theoretical views regarding the origin of the primi- 
tive formations, by C. F. Naumann C. N , vii, pp, 262, 263. 
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1863 

Xote sur la nature de Tazote et la theorie de la nitrification C. R , Iv 
pp 460-462 P .1/ , XXV, pp 27-29 

On the chemical and mmeralogicai relations of metamorphic rocks. 
C X., X, pp 195-20S D G, S / .X, 1864, pp 85-95: X xxx\], p 214 
Republished in C & G B 

On the earth's climate m palaeozoic times C *V , \ 111, pp 323-32S : 
S J , xxxvi, p 396 

Sur la nature du jade C R, Ivi. pp 1255-1257, /, xxxm, p 426 

Contributions to the chemical and geological histoiA of bitumens and of 
p\roschists or bituminous shales. S. J , xxxv, pp 157-171. 

On the gold mines of Canada and the manner of working them C X , 
viii, pp 13-19 

1^4 

Contributions to Iitholog}^ l Theoretical notions 2 Classification 
and nomenclature S. J , xxxvii, pp 248-266; C X , 1, pp 16-36. 161-189 
Taurentian rhizopods of Canada S J , xxxvii, p. -131 
Contributions to lithology 3 On some eruptue rocks 4 Local meta- 
morphism S J , xxxviii, pp 91-104, 174-185 
Notes on the silification of fossils C. X,, 1, pp 46-50 
On peat and its uses C. X , 1, pp 426-441. 

On organic remains in the Laurentian rock of Canada B. J. R., p 58 

1865 

Vorkommeii des Apatits in Canada '^Xcucs Jahrh Mwcral, ' p 845 ^ 
Halle, Zeitschr Gesammt, XatiirzL^iss , xx\\ p 297, 

Contributions to the chemistry of natural waters S J . xxxix, pp 176- 
193, C. AL, ii, pp 1-21, 161-183, 276-299. Reprinted in C. & G E 
On the mineralogy of Eozoon Canadense C X , li, pp. 120- 127 
A geographical sketch of Canada, C. X., ii, pp. 356-363. 

On the mineralogy of certain organic remains from the Laurentian rocks 
of Canada (1864’). Q J G. S., xxi, pp 67-71, P M , xxix, pp 7^-77 • 
Petroleum, its geological relations, with special reference to its occur- 
rence in Gaspe, with map Quebec, pp. 19 fpublished as separate pamphlet) 

1866 

On petroleum P A, A,, xv, pp 29-30; C. X , lii, pp 121-123 
On the metallurgical system of Messrs Whelpley and Storer P, A A. 
XV, pp. 30-34, 

On the primeval atmosphere. C. N ^ iii, pp 1 17- 120. 

On the Laurentian limestones and their mineralogy P A, A , xv, pp. 
54-57; C- N, lii, pp 123-125. 
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Further contributions to the history" of lime and magnesia salts S J , 
xh, pp. 49-67 

Report — On geology' and mineralogy of the Laurentian limestones , On 
the geologA' of petroleum and salt, Porosity of rocks, Peat C. G S 
Report of Progress for 1863-66, pp 1S1-291 Ottawa. 

Report on the gold region of lower Canada C G S. Report of Prog- 
tess for 1863 to 1866, pp 79-90 


1867 

On the objects and method of mineralogy S J., xliii, pp. 203-207 
A A P , vii, pp 338-242 Reprinted m C & G E. 

On the mineralogy of crystalline limestones Geol Mag , iv, pp 357- 
369, 432-477, 478, Les Mondes, xv, pp 17-24, Archives Set. Phys Nat., 
XXXI, 1868, pp 5-14; C _V., ill, 1868, pp 225-234; Roy. Instit Proc , v, 
1869, pp 178-185; Smithsonian Report, 1869, pp 182-207; N. Y. State 
Cabinet of Natural History, Report, 1867, App. E, Albanj^ 

Sur la formation des gypses et des dolomites C R , Ixiv, pp 815-817 
Sur quelques reactions de sels magnesiens et sur les roches magnesiferes. 
C R., Ixiv, pp. 846-849. 

Sur les petroles de TAmenque du Nord Pans, Bull Soc. Geol., xxiv, 
PP 570-573. 

Terrains anciens de TAmenque du Nord Bull Soc Geol , xxiv, pp. 
664-669 

Sur la theorie de rorigine des montagnes Bull. Soc. Geol , xxiv, pp 
687-689, 

description geologique du Canada. Equisse Geologique du Canada, 
PP 3“35 

Report on the gold region of Hastings C G. S , pp 3-6. 

Chemistry of the primeval earth Address before the Royal Institution 
of Great Britain, May 31 (printed separately). 

1868 

On some points in the geology of Vermont. , 5 '. J., xlvi, pp 222-229. 
Notes on the geology of southwestern Ontario. S. xlvi, pp. 355-362 ; 
C. N , iv, 1869, pp, 11-20. 

A notice of the chemical geology of Mr. D. Forbes. Geol. Mag., v, pp 
49-59 

On the chemistry of the primeval earth. C. N., new series, lii, pp. 225- 
234. Read to the Royal Institute of Great Britain, London, May, 1867. 
Republished in C. & G. E. 

On the gold region of Nova Scotia C G S.,p 38. 

On the chemical and geological relations of metals P. A A (paper 
read, not printed). 
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1869 

Volcanoes and earthquakes C X , iv, pp. 3S7-397 
The magnetic iron sands of Canada C X , iv, pp 467-469 
On the probable seat of volcanic action. Geol Mag, vi, pp 245-251, 
C X„ IV, pp 166-173, S, J ,u 1870, pp 21-28 Reprinted m C & G. E. 

Etudes chimiques sur les cuivre C R , Ixix, pp 1357-1360; C X , iv, 
p 324; ‘S’ /,x1lx, 1870, pp 153-157. 

Oesterreich Zeitsch Bergwesen, xviii, 1870, pp 157-159 
Geological features m vicinity of Beloeil Mountain C. .V , new senes, 
iv, pp. 218-224 

Borings for oil in southwestern Ontario region Read to A. A. A S , 
abstract, Am Xaf , 11, p 388 (1/6 p ) 

The Goderich salt region — Iron and iron ores C G S., pp 21 1-304 
On ancient erosions in the St Lawrence valley Paper read A A A. S. 
(not printed). 

On the geology of northeastern America. Paper read A. A A S. (not 
printed) . 

1870 

On American iron sands. P. A. A., xix, pp. 131-132. 

The oil-bearing limestone of Chicago. P, A, A., xix, pp. 157-159, 5 . 
i (1871), pp 420-424, A C, h (1872), pp. 27-29, C X„ vi (1872), pp 
54-59. Reprinted m C, & G B. 

On granites and granitic vein stones P A A , xix, pp. 159-161 ; C X , 
V, pp. 388-406, , 5 * i (1871), pp 82-89, 182-191; iii (1872), pp. 115-125 
On Laurentian rocks m eastern Massachusetts (1869). S /, xlix, pp 
75-78;C. AT., v, pp 31-38. 

On norite or Labradorite rock S J , xlix, pp. 180-186, C X., v, pp 

31-3S 

On the geology of eastern New England. S i (1870), pp. 83-90; 
C. N., V, pp. 198-205. 

On Laurentian rocks of Nova Scotia. S J., 1, pp. 132- 134. 

On a mineral silicate injecting paleozoic crinoids. C. N , v, pp 449- 

451; 5 J., 1 (1871). pp 379-380. 

The liquefaction of rocks. Geol Mag., vii, pp. 60-61. 

On astronomy and geology C N , new series, v, pp. 460-462 
Labradorite rocks at Marblehead, Mass. S'. J., second series, xlix, p. 

389 VA P-) 

Description of the New England granite formation. Essex Inst. Bull., 
i, pp. 106-107 p.). 

On the salt deposit of western Ontario. Paper read A. A. A. S. (not 
printed) . 
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1871 

Address before the American Association, delnered at Indianapolis* 
I Geognosy of the Appalachian System 2. The origin of crystalline 
rocks P A. A , xx, pp r-59, Amcr Xat., v, pp 451-509, Geol. Mag , ix 
( 1872), pp 76-7S, S J.y 11, third senes, p 205 Reprinted m C & G U 
Kates on the Hunt and Douglas new process for the extraction of copper 
from Its ores A C., 1, pp 199-200. 

Mineral silicates in fossils S L, li, pp 57-58. 

On the oil wells of Terre Haute, Ind Am. Mimug Mag , v, pp 576-577 
Reprinted in C & G, E Abstract, S J , ni, third series, p 369 
On the chemistry of the earth Smithsonian Report for 1869, pp, 182- 
207 

Analysis of coals and cr\stallme rocks from Vancou\er Island C G 
S Report for 1871-72, pp 98-100 

Notes on granite rocks. S J third series, pp 82-182, and lii, p I15, 
C X , V, p 3S8 Reprinted 111 C. & G E 

1872 

On Alpine geoIog>, S. ni. PP i-i5- Reprinted in C & G E 
Remarks on the late criticisms of Prof Dana in reference to my theory 
on the ongm of crystalline rocks. S J , iv, pp. 41-52. 

Geological history of the mountain of Montarville. C X., vi, pp. 224- 
226. 

History of the names Cambrian and Silurian in geology. C N , vi, pp 
281-311, 417-448. Reprmted in C. G B. 

Ossen*azioni intorno alia geologia del gruppo del Monte Bianco 
Transl, Firenze, Bull. Com GeoL Ital ^ 111, pp 131-140. 

On porphyries of the coast of Massachusetts Essc.\‘ Inst. Bull ^ 111, 
PP 53-54 

On Labradonte rocks in New Hampshire and Colorado, G S New 
Hampshire, report of progress during 1871, pp 13-14 
On the geology of the vicinity of Boston. Boston Soc Xat. His Proc , 
xiv, pp. 45-49- 

Remarks on the extraction of bismuth from certain ores 1 . M. E , 1, 
pp 260, 261 

Origin of metalliferous deposits (lecture delivered before the American 
Institute of New York). Published in C & G E 

1873 

The geognostical history of the metals. I M. E., 1, pp. 331-346. 

Remarks on an occurrence of tin ore at Winslow*, Maine. / M E , i, 
PP- 373-374 

The origin of metalliferous deposits I M. B Pp. 413-426 
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Notes on the geology and economic mineralogy of the southeastern 
Appalachians P A. A , xxii, pp 113-114. 

The metamorphism of rocks. P A A,xxn, pp 115-116. 

Geology of southern New Brunswick P A A,, xxii, p. 117, 

Breaks in the American Paleozoic Senes. P A A., xxii, Pt 2, pp. 
117-119 

Remarks on Professor Newberry's paper '*On circles of deposition ” 
PA A , xxii, pp 196-198 

Some points in dynamical geology’ S /., third series, v, pp 264-270 
Reprinted in C* & G 

On the copper deposits of the Blue Ridge S J , vi, pp 305-308 
Palseography of the North American continent (1872), A. G Soc J , 
iv, pp 416-431 

On the theory of volcanoes. (1872), Boston Soc. Xat His Proc . xv, 
PP 250-252 

On the crystalline schists of the Green and White Mountain Series 
Boston Soc Xat. His Proc , xv, pp 309-310. 

On the Eozoon Canadense (1870), Irish Acad Proc , 1, 1873-74, pp. 
123-127 

On concentric lamination in rocks, Boston Soc. Xat His Proc , xv, 
pp 261, 262. Remarks by Kunland. 

1874 

On the crystalline rocks of the Blue Ridge southw’est of Lymchburg, Va. 
(1873), Boston Soc Nat. His Proc., xvi, pp. 116, I17. 

Geology of the north shore of Lake Superior. 7 . M. Hv ih P* 58 
The Ore Knob copper mine and some related deposits 7 . M E., ii, pp. 
123-131 

Remarks on position of magnetic iron ores of northern New York. 
7 AI B., i, p 370 

On the cement of some natural and artificial stone P. A, A , xxiii, 
pp 106, 107. 

The disintegration of rocks and its geological significance. Abstract, 
P A A , xxiii, p. 39. 

The sew'age question chemically considered Abstract, P. A A , xxiii, 
pp 107-109 

On wet processes of copper extraction. Abstract, P A A., xxiii, pp 

78, 79. 

On the decayed rocks of the Hoosac Mountains. 7 . M B , ii, pp. 187, 188 
The coals of the Hocking Valley, Ohio. 7 M. 11, p 273 
Magnetic iron ores of New Jersey 7 . If. ii pp 234-235. 
Occurrences of glauconite and fossil resins Boston Soc Nat His. 
Proc., XVI, pp. 301, 302. 
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Remarks on the stratification of rock masses. Bosion Soc Kat. His 
Proc , XVI, pp 237-239. 

The deposition of clays Boston Soc Xat, His. Proc , xvi, pp 302-304 
On Dr Genth’s researches on corundum and its associated minerals 
Boston Soc Xaf, His. Proc , xvi, March 4. 


Celestial chemistry Popular Science Magazine, vi, 1874-75, pp 420-422, 
Deposition of sediment S ix, pp 61, 62 
Report on Hoosac tunnel House doc no 9, 1875, Mass 
Chemical and geological essays Boston, pp 489 
The geological survey of Missouri. A. X., ix, pp. 240-245 
Remarks on hematite iron ores, eastern United States I M B , ni, 
pp 417-422. 

On the Boston artesian well and its waters Boston Soc Nat His 
Proc., xrv'ii, pp. 486-488 

Remarks on the relations of primordial and crystalline works in New 
England and elsewhere. Boston Soc. Xat. His Proc., xvii, PP 508-510. 

1876 

The Cornwall iron mine and some related deposits in Pennsylvania 
/. M. B., iv, pp. 319-325. 

History of crystalline and stratified rocks. P. A A , xxv, p 205 
Geology of eastern Pennsylvania. P. A. A , xxv, pp 208-212. 

On the petrosilex porphyries of North Carolina. P A A , xxv. Read, 
not printed 

A new ore of copper and its metallurgy / ilf. B., pp 325-328. 

The development of our mineral resources Being the fifth paper of the 
First Contrib. of the Repub Series, Harper^s Magazine. 

The Goderich salt region. / M.B pp 538-560 , S I , third series, 
xiii, p. 231. 

Older rocks of western North America. P A A., xxvi, pp 265-266. 
The decayed gneiss of the Hoosac Mountain, Boston Soc Nat. His. 
Proc., xviii, pp. 106- 108- 

J. D. Dana on the alteration of rocks Boston Soc, Nat. His. Proc., 
xviii, pp. 108, 109. 

1878 

International Geological Congress. P. A A , xv, p. 485 
Special report on the trap dykes and azoic rocks of southeastern Penn- 
sylvania: Part 1 . Historical introduction. 11 . Geol Surv. Penna Re- 
port E, pp. 8-21 ; 253 pages ; Harrisburg. 
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On the geolog> of the eozoic rocks of Xorth America. 

Xat. His Proc , XIX, pp 275-279 

The Quebec group in geolog} Boston Soc Xat His. Proc , xix, p. 2-4 
Introductor}’ remarks at Philadelphia meeting /. M. \i, p 18 
Remarks on nickel deposits of Oxford, Canada I M E , vi, p. 213 
On the origin of cr}stalhne rocks BA R, p 536. 

On the geological relations of the atmosphere B A R , p. 544 

1879 

Coal and iron of the Hocking Vallej, Ohio I M B , vii, p, 313 
The histor}^ of some Precambnan rocks in America and Europe 
P. A. A , xxvii, p 279, S. J , XIX, pp. 26S-283, C X , ix, p 257 
Table of geological formations, p 51 , Eozoic, p 10, and Dominion of 
Canada, pp 52-55, in Macfarlanc's "'Amer Geological Raiheay GuideX 
Remarks on the position of copper-bearing rocks of Lake Superior and 
Pennsylvania /. M E , vii, p 333 

On the origm of clays on the Atlantic seaboard. I, M. B , \ii, p 18S 

1880 

The chemical and geological relations of the atmosphere S. J , xix, pp 
349-363. Reprinted in M P. & F. 

On the recent formation of quartz and on silification in California. S, 
xix, pp. 371-372. 

The genesis of certain iron ores Science (edited by Michels), i, p 201 ; 
also read to A. A. A. S., 1880. 

Letters and notes on the iron-bearing and associated rocks of the Mar- 
quette region, and comparisons with the archean of Canada and of the east- 
ern United States (with comments by T. B. Brooks). Geology of IPts- 
consin Surr^ey of 18/3-^, vii, 1880 

Des terrains pre-Cambriens dans I’Amenque du Nord. Congres Geol. 
International, C, i?,, session of 1878, pp 229-232, 1880. 

Sur les hmites du terrain Cambrian. Congres Geol, Inter., C. R., session 
of 1878, p. 99, 1880. 

On the origin of anthracite. Abstract, Science, i, p 303. Read to Na- 
tional Acad of Sci. 

1881 

Historical notes on cosmic physiology P. A. A , xxx, p. 48 
The Taconic System in geology. Abstract, C N., new series, ix, p 429; 
A, N , XV, p. 494 Read Nat Acad Scu, 1880. 

Remarks on pre-Cambrian rocks of Great Britain Bos Soc. Nat His 
Proc , XX, pp 104- 141. 

The hydrometallurgy of copper and its separation from the precious 
metals. /, M, B., x, pp 11-25. 
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Xature in thought and language Lon , Edm and Dub Phil. Mag , iSSi. 
Reprinted in M P & P. 

Coal and Iron in southern Ohio Boston, 152 pp., with map, S E. 
Cassinu 


1S82 

Address of welcome. A A A. S , Mo?itreal C. Meeting, xxxi, p 613 
Remarks and notices A A. A S, Montreal C Meeting, xxxi, pp 
618-639. 

The eozoic rocks of central and southern Europe — The serpentines of 
Itah P A A , XXXI, pt. 2, p 419 (title only) 

Celestial chemistry from the time of Ne\\1;on Proc. Phil. Soc of Cam- 
bridge, IV, p 3, 5 , xxiii, pp 123-133 Reprinted in M P & P 

The relation of the natural sciences. Address before Royal Society of 
Canada C. X., x, No 5. and, tvith additions, Popular Sci. Monthly, xxii, 
P 165 

1883 

Classification of the natural sciences. P A. A , xxxii, p 29 Reprinted 
in M, P.& P 

Pre-Cambnan rocks of the Alps. P A A , xxxii, pp 239-242; A. N , 
xvii, pp 1099-1102; abstract, Science, ii, pp 322-333. 

The serpentine of Staten Island, N Y P A A , xxxii, p. 242 , A N , 
xvii, p. 1037; Science, ti, p 323. 

The decaj of rocks geologically considered. S J., xxvi, p igo, Science, 
1, p 324, A, X., xvii, pp. 645. Read to Nat Acad. Sci, April 17 Re- 
printed m M. P, & P 

Coal and iron in Alabama. I M B, xi, p. 236 , Eng & Mining J , xxxv, 
p 1 13. Abstracts : Sclwol of Mmes Qmrt , iv, p. 225 , Science, i, p. loi 
On the pre-Cambnan rocks of Europe and America. C N., new senes, 
X, p. 126, 127. 

The geology of Port Henry, N. Y. C. N , ix, pp 420-422; Sci. Am 
Supp., vni (no. 195), p. 3096. Read to A. A X. S.,1879 
Geologj' — Progress for 1882. Smithsonian Report for 1882, p 126 In 
part in the Virginias, v, pp, 141-161, 

The pre-Cambrian rocks of Wales. Science, ii, p. 403. 

The geology of Lake Superior. Science, li, pp. 218, 219 
An historical account of the Taconic question m geology, with a discus- 
sion of the relations of the Taconian Series to the older crystalline and to 
the Cambrian rocks. Can. Royal Soc. Trans, 1, sec, 4, pp. 417-427 
Relation of the natural sciences (inaugural address) Can Royal Soc. 
Tr'ans , i, sec 3, p i. 
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The geulogical history of serpentines, including notes on pre-Cambrian 
rocks. Can Royal Soc Trans j i, sec 4, pp 165-215 Reprinted in 
M P & P 

Notes on Prof James Hall’s address on the geological history of the 
American continent P A. A , xxxi. pp 69-71 

Historical account of the Taconic question in geolog\ Can Royal Soc 
Trans , 1, p 217 Reprinted in M P. & P 

1884 

On the chemistry of the natural silicates B A. i? , p 679. 

The origin of the crystalline rocks Can Royal Soc Trans , n (3J, p i 
Read before Royal Soc of Canada Abstract, S J., xxviii, p. 73, Re- 
printed in M, P & P 

The apatite deposits of Canada. I M £ , xii, pp 459-468; £. & M. J. 
xxxvii, p. 138 

Cambrian of North America Read to Bos Soc Nat His _V., xvni, 
p. 409; Canadian Rec Sci , i, p. 77 

Note on age of rocks on border of the tnas near the iron mines of 
Pennsylvania A. Phil, Soc. Pro., xxi, p 458 Discussed by P. Frazer. 

The eozoic rocks of North America Abstract, Gcol. Ency , third 
series, 1, p 506; Canadian Rec Sci , i, p 82, £. A R., p 727. 

The genesis of crystalline rocks A X , xviii, p 605. Abstract of paper 
read to Nat Acad. Sci , April 15 

18S5 

Biographical notice of Prof Benjamin Silliman. 1 . M. E , xiii, p 782 

Remarks on natural gas in Canada I M. E.j xiii, p 782 

An electrical furnace for reducing refractory ores. I. M E., xiv, p 492 

Note on the apatite region of Canada 1 . M. £., xiv, p. 495 , P. A A , 
xxxiv, p. 199 

Geology — Progress for 1883 Smifhsoman Repor'f for 1883, p 443, 1885 

Les Divisions du systeme fiozoique de TAmerique de Nord. Soc. Geol. 
Belgique Annales, xii, p. 3. 

The geology of the Scottish highlands. Science, v, p 87. 

An historical account of the Taconic question in geology, with a dis- 
cussion of the relations of the Taconic Series to the older crystalline and 
to the Cambrian rocks. Second Part. Can Royal Soc. Trans., 11, sec 4, 
p 125 ; abstract, Science, in, p 675 Reprinted m M. P. & P , "'Chemistry 
of Sea and Land/’ and Youth's Companion, June. 

1886 

Apatite deposits in Laurentian rocks Abstract, P A A , xxxiv, p. 

199. 
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A natural s> stem of mineralogy with a classification of natural silicates 
Can. Royal Sac Trans , m <3), p 25, 5 xxxii, p 410 Reprinted m 
M P & P. 

Mineral physiolog\ and physiography A second senes of chemical and 
geological essays, xvii, 710 pages, Boston Review, Am. Gcol , viii, p no, 
Xote on the apatite region of Canada. 1 M B, xiv, p 495, Canadian 
Rcc Sci , 1, p. 65 

1887 

Remarks on Hocking Valley district I M H , xv, p 754 
Further notes on the h\drometallurgy of copper I Jf. E , x\n, p 80 
Elements of primary geoIog>. Gcol May , third decade, iv, p. 493; 
abstract, Eng. S' Mining Jour, xxxiv, p 219, Xatnre, xxxvi, p. 574; 
B A. R , 1887, p 704. 

Gastaldi on Italian geology and the crystalline rocks Geol Mag., third 
decade, iv, p 531 ,* abstract, B, A. R 703 
The genetic history of crj^stalline rocks. Can Royal Soc. Trans , iv, 
sec 3, p 7. Reprinted inM. P. & P Abstract, Canadian Rec Set , 1, p. 

The Taconic question restated- A, X., xxi, p 114. Reviewed by J. D 
Dana. S. J , third senes, xxxiii, p 412 
Chemical integration. S J., xxxiv, p 116 

A new basis for chemistri’, a chemical philosophy. 165 pages, 8vo, 
Boston, S. E Cassmo. Supplement to. Natural system in mineralogy. 
Can. Royal Soc. Trans , iv (3), p 63. 

History of pre-Cambnan rocks, condensed from “Azoic rocks,’* and 
published in M. P. 6' P j p. 402 
Integral weights in chemistry B A. 637 

The Sonora earthquake of May 3, 1887 (with James Douglas). 
B A. R, p. 712. 

On subdivisions, unconformities, characteristics, etc., of the Lower 
Paleozoic formations. International Cong. Geol , Am Committee Re- 
ports, 1888 A, pp 68, 69- 
On the study of mineralogy B. A P , p 627 
The theory of solution. S. R , p 636 
Mineralogical evolution. B. A. R , p. 682. 

1889 

Classification and monenclature of metalline minerals. Can Royal 
Soc Trans., vi (3), p. 61 

1890 

Historical notes on cosmic physiology. P. A. A., xxx, p. 48. 

The Taconic System in geology. Abstract, C. N., new series, ix, p. 429 , 
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Notes on geolog\' of eastern New York Macfarlmie's '‘Gcol Railz^'ay 
Guide/' second edition, p 137 

The geological histor\ of the Quebec group Am Geol , v, p 212, 


Les schists cristallms Congres Geol International, C R , 4th sess, p 
65, Londres. Abstract, Xafine, xxxvni, p. 519 18SS 

S3^stematic mineralogy" based on a natural classihcation. Published by 
Scientific Pub Co , New York. 

BOOKS WRITTEN BY DR T STERRY HUNT 

‘'Chemical and Geological Essays” First edition published in 1874; 
second edition wth new preface, 1878, third edition, 1890; fourth edition, 
1891 

“Mineral Phj'siology" and Physiography.” 

“A Second Series of Chemical and Geological Essays with a General 
Introduction.” First edition published m 1886; second edition with new 
preface, 1890 

“A New Basis for Chemistry" A Chemical Philosophy,” 1887. Trans- 
lated by Prof. W, Spring into French and published m Paris and Uiege 
as “Un Systeme Chimique Nouveau,” 1889. • 

“Systematic Mineralogy based on a Natural Classification with a 
General Introduction,” 1891 

“Special Report on the Trap Dykes and Azoic Rocks of Southeastern 
Pennsylvania,” 1878 


EXTRA LECTURES 

1866-1867 — ^Lectures on chemical and physical geography, delivered before 
the Lowell Institute, Boston 

1872. — Twenty lectures on chemistry, delivered before the Ladies Educa- 
tional Institute, Montreal 

1874. — Six lectures on chemistry of the waters, delivered before the 

Boston Society of Natural History, Boston. 

1875. — One lecture on the constitution of water as related to modern 

chemistry and physics, before Examiner Club 
1875. — One lecture on the glacial period, delivered before the Literary and 
Historical Society" of Quebec. 

1875. — Eighteen lectures on the practical Geology of the United States, 

Boston 

1876 — Eighteen lectures on elementary" geology. 

1876. — A course on the older rocks, before the Boston Society of Natural 

History. 

1876. — The building of the earth, delivered in Salt Lake City 
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1877 — Chemical histor> of the earth, before Chestnut Street Club 
18S1 —Coal 

18S3 — T\\elve lectures on mineral physiology, before Lo^^e^ Institute 

1884 — The manufacture of iron before Finance Club, Cambridge, Mass. 

1885 — On Arbor Da^, Montreal 

1880 — On the Alps, Liverpool England 
1888. — Theor}* of volcanoes, Montreal 

i8Sg. — Goethe and modern science, the Concord School of Philosoph}^ 
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ARTHUR WILLIAMS WRIGHT 
1836-1915 

BY EDWARD S. DANA 

The quiet life of a student of science often presents few inci- 
dents of striking prominence. As a college professor his first 
work is that of teaching — ^in a word, presenting to his students the 
essential principles of his subject and awakening their interest 
in them. Further, in order to keep in touch with the progress 
being made in his department, he must, in his free time, make a 
close study of the growing literature of his subject. This will 
also suggest to him the directions in which his own investiga- 
tions can best be extended. 

The many years that Professor Wright spent at Yale were 
lived essentially along these lines. He was a man of modest 
deportment, but cordial and pleasing approach. He was faith- 
ful to his students in the class and lecture-room, presenting his 
subject with the clear directness of a well-trained scientist. Of the 
scientific literature, which more and more crowded the library, he 
was ever a constant reader. Thus his mind became stored with 
the facts of his subject. Also, he was keen to note any signal steps 
of progress and to direct his experiments in that direction. His 
early study of Rontgen rays, noted later, illustrates this point. 
He was also the first in New Haven to set up a private telephone 
line between his home and the laboratory.* 

While it cannot be claimed that Professor Wright opened up 
and developed any striking line of progress in physics, it is true 
that his many experimental investigations were important and all 
on a high level. Also, independent of this, it is interesting to 
note that his coming to Yale resulted in two important steps of 
progress for the University and for science as well. For this 
Wright should be long remembered. It seems well to explain 
these points in detail before considering the events of his life 
and the results of his work in the laboratory. 

♦The first commercial telephone exchange in the world was established 
in New Haven on January 28, 1878. 
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In the first place, it may be fairly said that Yale owes to 
Professor Wright the possession of a well-planned and fully 
equipped physical laboratory. It is probably true, also, that 
the Sloane Physics Laboratory, completed in 1883, was the first 
building in this country which was exclusively devoted to the 
work of modem physics. Further, this early laboratory led 
directly, as will be shown later, to the L^niversity Sloane Labora- 
tory, opened in 1912, which in size, equipment, and endowment 
is all that a university laboratory should be For this result, Yale 
certainly owes a large debt of gratitude to Professor Wright. 
This will be made clear by the explanation which follows 

The fact that the donors of the Physics Laboratory of 1883, 
ilr. Henry T. Sloane (Yale 1863) and his brother, Mr. Thomas 
C. Sloane (Yale 1868), were led to make this generous gift, is 
explained by the fact that they were close personal friends of 
Professor Wright. Also, it was due to the careful study given 
by Wright to the maturing of the plans that this laboratory, in 
arrangement and equipment, was fully up to the requirements 
of the time. In this building there were carried on for many 
years the instruction, study, and experiments of Professor 
Wright and his younger associates ; also of Professor J Willard 
Gibbs, who was appointed to the chair of mathematical physics 
in 1871- It is interesting to add that Mr Thomas C Sloane, who 
died in 1890, left as a bequest to the Sloane Laboratory the sum 
of ^75,000, the income of which was to be used for research. 

Much later, about 1908 or a little earlier, the subject of a new, 
much larger, and thoroughly modern, laboratory of physics, was 
raised by Mr. Henry T. Sloane. It was his wish, as it was that 
of the members of the faculty with whom he conferred (con- 
spicuously Professor Bumstead) that in this new building the 
physics of all the departments of the university should be brought 
together This plan was carried through and thus the first step, 
and that a vital one, was taken in uniting the work of the 
college with that of the Sheffield Scientific School and graduate 
school. The new Sloane Laboratory, it should be added, was 
the first of the group of university buildings erected on what is 
now known as the Pierson-Sage Square 
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The funds needed for the construction and endowment of this 
new Sloane Laboratory were given by ]Mr Henry T. Sloane and 
his elder brother, ilr. William D. Sloane. The cost of the build- 
ing was $385,000, and an additional sum of $125,000 was given 
for endowment. The work of developing the plans was largely 
in the hands of the late Professor Henry A. Bumstead, who was 
also made the Director of the new laboratory in 1909. Pro- 
fessor Bumstead, it should be added, was a man of rare ability 
and attainments. His early death (December 31, 1929) was a 
great loss to his department and to Yale 

In another direction Wright’s appointment as professor of 
physics marked an important step forward in the position of 
this subject. Until then, at Yale and at most other institutions 
in the country, the subject now known by the simple name of 
physics was included under the general head of natural philos- 
ophy. With this was commonly linked, in the title of the pro- 
fessor, either astronom)% mathematics, or chemistry, or two of 
these. 

Thus Denison Olmsted (Yale 1813 J was professor of mathe- 
matics and natural philosophy (also later of astronomy) from 
1825 to 1859. His successor, Elias Loomis (Yale 1830), the 
astronomer and meteorologist, was professor of natural philos- 
ophy and astronomy from i860 until 1889. Wright himself was 
tutor of natural philosophy in 1866-68, and in 1875 he was made 
professor of chemistry and molecular physics. Later, however, 
it was decided that in general one subject was all that a given 
professor should be asked to be responsible for, and in accordance 
with this, Wright ceased to teach chemistry in 1879. This was an 
important step in the handling of the sciences. More notew-orthy 
than this is the fact that Wright’s chair was the first m which 
the subject, hitherto vaguely defined as natural philosophy, was 
definitely called physics. In a word, Wright was the first pro- 
fessor of physics at Yale. 

It may be added, however, that natural philosophy long held a 
place in the Yale Catalogue. It was altogether right that the 
chair of Professor Loomis should retain its original name of 
Munson professor of natural philosophy and astronomy from 
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i860 to 1889. But It was, however, strange that in 1879, several 
years after Wright was made professor of physics, an assistant 
professor of “natural philosophy'^ should have been appointed. 

It is also interesting that, from the early da3^s through 1872, 
the text book used was Olmsted’s “Natural Philosophy.” Even 
in 1872-73, when Ganot’s “Physics” was named as the text book, 
the subject was still called natural philosophy in the Yale Cata- 
logue. It was not until 1883 that physics fully took its place 
This change is dwelt upon at some length because so intimately 
connected with the career of Arthur Wright. 

A digression may be pardoned here, to make clear the place 
occupied by Wright in the wnde development of science at Yale. 
The starting point is properly taken as 1802, when President 
Timothy Dwight appointed Benj'amin Silliman (Yale 1796) pro- 
fessor of chemistry and natural history. Silliman was then a 
young man of twenty-three, planning for himself the career of a 
lawyer, which plan, however, he gave up when he decided to 
join the Yale faculty. 

This step taken by President Dwight was especially note- 
worthy, because so far-reaching in its results and taken at so 
early a date. It is also interesting that it was made by a presi- 
dent who, although a Congregational clergyman (as were all the 
leaders of Yale from 1701 to 1899), had none of the feeling, 
which later developed here and there, that the teachings of science 
and those of religion were essentially more or less antagonistic. 

The appointment of Silliman had a marked effect in increas- 
ing the prominence of science at Yale and also over the whole 
country. In the latter direction, the influence of the man him- 
self was felt especially through his frequent lecture courses in 
many prominent cities. Having gained his scientific training 
chiefly abroad, the new professor assumed his duties at Yale. 
His laboratory was the Old Commons Hall of 1782, refitted for 
its new use in 1819. Silliman worked actively’in chemistry until 
his retirement in 1853. His son, Benjamin Silliman, Jr,, became 
his assistant in 1837 and later his successor, and carried on for a 
number of years the lectures in chemistry. In 1850, James D. 
Dana (Silliman's son-in-law) became professor of natural his- 
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tory and in 1864 professor of geology and mmeralog}\ Thus 
science developed at Yale. 

In the meantime, the field of physical science, which opened 
with the work of Denison Olmsted and his successor, Elias 
Loomis, was firmly established by WYight, the department being 
named physics as has been already explained. Wright also gave 
at first, as had Silliman, Jr, lectures in chemistry. Silbman, 
Jr., and Norton, however, as early as 1847, S^^e instruction to 
students in applied chemistry with laboratory work. For this, 
at the outset, the early president’s house of 1797-99 was used ; 
the site of this building was that now occupied by Farnam Hall. 
This date of 1847 taken as that w^hich marks the first of 

the successive steps which led up to the beginning of the Yale 
Scientific School. This school, founded by the intensive work 
of Brush, Norton, Brewer, and others, developed into an inde- 
pendent department of Yale, most important at home and in its 
influence on broad scientific instruction in the country. It be- 
came the Sheffield Scientific School in 1863, then named after 
its chief donor, Mr. Joseph E. Sheffield. 

In the college, chemistry held but a small place from Silliman’s 
time until the Kent Laboratory was built in 1887. This build- 
ing was given up to other departments much later when the Ster- 
ling Chemistry Laboratory on the Pierson-Sage Square was 
completed. Here the work in chemistry of Sheffield Scientific 
School, the college, and the graduate school are united, as had 
been that in physics much earlier in the adjacent Slocine Physics 
Laboratory of 1912. With this second decisive step, the univer- 
sity development of Yale in science was fully established 

It is not amiss to state that Yale might have claimed to be a 
university very early, when the three departments of medicine, 
theology, and law were established in 1810, 1822, and 1824, re- 
spectively. The name, however, was not used until 1887, though 
the graduate school was established in 1847. 

The life of Arthur Wright began at Lebanon, Connecticut, on 
September 8, 1836. His early ancestors on both sides were of 
good English stock, coming to New England in the very early 
years of the new Colony of Massachusetts. His father, Jesse 
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Wright, was a man of prominence m the state as a member of 
the Connecticut House of Representatives m 1839. Also in his 
native town of Lebanon he was Justice of the Peace and later 
(1840-42), Selectman. On this side the Wright family goes 
back through eight generations to Samuel Wright, who settled 
in Springfield in 1639. Arthur Wrighfs mother was Harriet 
Williams, the daughter of \^"illiam ^^^illiams of Lebanon. Her 
earliest ancestor in this country was Robert Williams, who was 
born in England in 1593, but in 1637 made his home in Roxbury, 
Massachusetts. 

Wright received his early education in Lebanon, but his special 
preparation for college he obtained principally from Bacon Acad- 
emy, Colchester, and later at Kinne’s private school in Canter- 
bury, not far distant from his native town. He entered college 
in 1855 and through his course maintained an excellent rank as 
a scholar, obtaining at graduation in 1859 the stand of High 
Oration He did especially well in Latin, also in mathematics 
and astronomy Further than this, he stood well with his class- 
mates on the personal side. His facility in music was a point in 
his favor, and gave him a place in several musical societies. His 
continued interest in music contributed much to his happiness 
throughout life. 

The class of 1859 numbered at graduation 107 men. It was a 
notable company, including several who also attained positions 
of special prominence. The following deserve to be mentioned : 
John Haskell Hewitt, a student of the ancient languages and 
professor in Williams College from 1882 to 1909; Thomas 
Raynesford Lounsbury, who will be long remembered as pro- 
fessor of English in the Sheffield Scientific School; William 
Thompson Lusk, a prominent physician, connected with Belle- 
vue Hospital from 1864 till his death in 1897 ; Eugene Schuyler, 
the diplomat, Consul General at Constantinople in 1878, and 
United States Minister to Roumania, Servia, and Greece from 
1882-1884; also Joseph Hopkins Twichell, the distinguished 
clergyman and writer in Hartford, Connecticut. 

After receiving his bachelors degree, Wright continued his 
studies at Yale in the recently organized graduate school, where 
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he Specialized in mathematics and science In i86i, he and two 
others were the first to receive the degree of doctor of philosophy 
in the recently established department of philosophy and the arts. 
Wnght’s comrades in this honor were his classmate, Eugene 
Schuyler, spoken of above, and James ^Morris Whiton, Yale 
1853, who was for years rector of the Hopkins Grammar School 
in New Haven, which was founded as early as i860. During 
this period, Wright was assistant in the Yale College Library; 
also librarian of the Lmonian Library from 1860-63. 

Wright's connection with the Yale faculty began with his ap- 
pointment as tutor in 1863. This name was that long used for 
an instructor, but practically dropped after 1905, A tutor in the 
early days, and down to 1880 or later, was usually called upon to 
teach one of the fundamental studies of the curriculum, Latin, 
Greek, or mathematics. As between several tutors appointed m 
a given year to teach one of the lower classes, the order of choice 
of subjects was made for each according to the year of his 
graduation. In other words, a jxmior tutor might find that the 
subject left for him was one in which he had only a minor inter- 
est. For example, of the tutors chosen from a class in the 
1870's, one of these, though particularly proficient in Greek, was 
compelled, to his sorrow, to teach mathematics. 

Wright was fortunate in this last particular, for he was tutor 
in Latin from 1863-66; this was a subject, as already stated, in 
which he had excelled when an undergraduate. In 1866 and 
1867, he was tutor in natural philosophy. It is interesting also 
that, while tutor, being uncertain as to his future, he pursued 
the study of law and was admitted to the bar, though he never 
earned his living by actual law practice. This course was not 
exceptional, it was also true of Benjamin Silliman in 1801. The 
years 1868-69, Wright spent in Europe, continuing his life there 
as a student at the University of Heidelberg under Bunsen and 
Kirchhoff, and at Berlin under Hofmann and Magnus. Return- 
ing to this country, he continued his career as a teacher when 
made professor of physics and chemistry at Williams College in 
1869 ; there he remained until 1872. 
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The year of 1872 stands out prominently in Wright's life, for 
after the three years at Williams College, he was called to Yale as 
professor. His title, as given in the Catalogue, was at first of 
chemistry and molecular physics In 1876, this was changed to 
molecular physics and chemistry, which it remained until 1887, 
when the chemistry was dropped and his chair became that of 
experimental physics. He was, however, relieved from the 
teaching of chemistry for some years before 1887. His activity 
as professor of physics continued until 1906, when he became 
emeritus. 

Wright's work at Yale as professor of physics was at first 
carried on in the aged laboratory already spoken of as used by 
Benjamin SilHman early in the century. This was a quaint struc- 
ture, for the most part of one story only, with a long, sloping 
roof. The laboratory was planned chiefly for the lectures in 
elementary chemistry. There was one tier of steeply sloping 
seats for the Yale students, another small tier at right angles to 
the other and hence partly concealed, which was used in Silli- 
man’s time for privileged young ladies. This laboratory pro- 
vided scant facilities for advanced work and original investiga- 
tions. Its limitations were especially trying to Wright, the 
physicist, which makes it remarkable that he could have accom- 
plished as much as he did, as shown in the bibliography of his 
papers, given later. 

From this early Silliman laboratory, Wright moved to the 
Sloane laboratory in 1883, mentioned earlier, where all the prob- 
lems of arrangement and equipment had been satisfactorily solved 
in advance by himself. His labors were increased, however, 
since for about ten years the lectures and the laboratory instruc- 
tion were carried on by himself. In the early 1890's he was re- 
lieved of all but the instruction of special students in the labora- 
tory. As already stated, he became emeritus in 1906. This event 
determined by age, according to the custom adopted at Yale 
about this time, 

Wright's personal life was that of a solitary bachelor at Yale 
from 1872 to 1875 ; during this interval he resided in the dormi- 
tory on the Yale Campus named Durfee College, after the donor, 
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Bradford Durfee (Yale 1867 J. After October 7, 1875, his life 
became a happier one, for on this date he was married to Miss 
Susan Forbes Silliman, the eldest daughter of Benjamin Silli- 
man, Jr. Their life together continued until February 17, 1890, 
when Mrs. Wright died. His own death followed much later, 
on December 19, 1915. 

The Wright’s had three children Susan Silliman Wright, now 
Mrs. Winchester Bennett; Dorothy Silliman Wright, Mrs. Ed- 
win Pugsley ; and Arthur Silliman Wnght. These all reside in 
New Haven, and in the next generations there are (1932) nine 
grandchildren and two great-grandchildren. 

It may be said in general that Wright’s original work in science 
was for the most part in physics, although this was often allied 
with chemistry. It remains to present an account of its value 
and scope This can best be done by quoting from a paper by 
his colleague, the late Professor Hastings, which was published 
in igi6. This gives an appreciative estimate as to the character 
of his work followed by an account of the more important of 
his investigations. The titles of the papers referred to are given 
in the Bibliography, which closes this notice. 

It may be added here that Wright was much aided in the 
study of the literature of physics by his command of German, ac- 
quired when a student in Germany ; also by his reading knowl- 
edge of Danish and Italian, which he gained by private study. 
In his experimental work, his skill in glass blowing was an im- 
portant element. 

Professor Hastings says : “His contributions are not merely 
important in substance ; they are also characterized by unusual 
excellence of form and clarity of statement. His fertility in 
ideas, his full knowledge of the literature of his subj'ect and, not 
the least, his rare manual dexterity, together enabled him to make 
a distinguished record as a physical investigator. 

“An early paper, published in 1870, was entitled ‘On a peculiar 
form of the discharge between the poles of the electrical ma- 
chine.’ This paper describes the glow produced upon the posi- 
tive ball in an active electrical machine and the conditions under 
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which it may be produced. The striking fact that each portion 
of this luminous surface can be regarded as due to the effect of 
a point area on the negative ball, as proved by sharp geometric 
shadows formed by minute obstacles anywhere within the region 
between the conductors, is quite new and it affords a particularly 
beautiful method of determining the shape and position of the 
lines of force. This investigation was followed by another, 'On 
certain forms of the electrical discharge in air,' which contains 
extensions of experimental methods and results attaching to the 
positive glow described in the previous paper. 

description of a simple apparatus for the production of 
ozone was followed by two studies of the chemical action of 
ozone. The first of these — 'On the action of ozone upon vulcan- 
ized caoutchouc' (1872) — calls attention to the cause of the de- 
terioration of the insulating properties of vulcanite and gave 
means of correcting the fault. The second paper is entitled, 'On 
the oxidation of alcohol and ether by ozone,’ and is an applica- 
tion of his ozone apparatus to the chemical investigation indi- 
cated in the title. 

'Tn the same year Professor Wright published two papers on 
the Zodiacal Light of Coggia’s Comet. In the first of these 
papers the question of the polarization of the Zodiacal Light, 
even to a fair determination of the ratio of polarized light to un- 
modified light, seems to have been definitively settled by the skill- 
ful use of a polariscope of his own design. So, also, his second 
paper, on the spectrum of the Zodiacal Light, appears to have 
decided once for all a discussion which had occupied many 
observers. 

"A series of five papers of great interest follow, on the gaseous 
contents of meteoric irons and stones. In the first of these he 
reviews the known results of the investigations upon the occluded 
gases of meteoric irons, quoting Professor Graham and Pro- 
fessor J. W. Mallett. In his own investigations, the material 
came, for the most part, from the collection in the possession of 
Yale University. His conclusions in this first paper were that 
no one of the several irons which he studied gave any spectro- 
scopic evidences of unknown elements. The second paper is a 
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brief one upon the gases derived from the meteorite of February 
12, 1875, presented as a note preliminary to a further study 

“In the following paper entitled 'Examination of gases from 
the meteorite of Februar}’ 12, 1875/ Professor Wright gives a 
thorough review of the gaseous contents of this meteorite. It 
appears to be the first stony meteorite thus investigated and the 
results are of great importance ; they not only show the presence 
of gases occluded in stony meteorites, but also prove that they 
are distinguished by having oxides of carbon as their character- 
istic gases, instead of hydrogen. He points out the bearing of 
these observations upon the peculiar spectra of comets and as a 
support of the meteoric theory of comets. 

“In 1876 Professor Wright continued these important investi- 
gations, extending them to a considerable number of stony 
meteorites of known origin. The earlier conclusion that these 
stony meteorites are characterized by a large amount of occluded 
carbon compounds was abundantly verified, and the last paper 
contains a long discussion concerning the bearing of these obser- 
vations on the current theory of comets. This terminates the 
series of papers on occluded gases in meteorites, but it is inter- 
esting to note that the mastery of the problems involved served 
him in an admirable piece of work five years later ( 1881 ) . The 
paper — *On the gaseous substances contained in the smoky quartz 
of Branchville, Connecticut’ — ^is sufficiently defined by its title, 
but the skill and success with which the investigation was carried 
out and the results presented make the article a model worthy of 
careful study. 

“In 1877 Professor Wright published two important papers 
on the deposition of metallic films by the cathode discharge in 
exhausted tubes. A clear description of the technique of the 
process and of the physical properties of a large number of 
metals thus treated makes the papers of unusual interest. The 
intrinsic value of his method has proved so great that it is quite 
probable that the name of the author is more widely known from 
these scientific contributions than from any others published 
during his long and active life.* 

♦This important method of obtaining a metallic mirror was patented 
by another without his knowledge. 
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"‘In the foregoing review of the scientific work of Professor 
Wright there has been no effort to do more than sketch the con- 
tents of the papers of chief importance; a large number of notes 
and minor contributions to science have been passed over. It 
would hardly be just, however, to fail to note his activities in 
X-ray experiments. At a time when Rontgen’s discovery was 
hardly more than a rumor and the greater number of physicists, 
perhaps somewhat skeptically, were awaiting more definite de- 
scriptions of methods and results, Professor Wright immediately 
applied the test of experiment and secured the first of these 
photographs made in this country. This showed in a very strik- 
ing way his command of all the resources of his science at the 
time ; nor did he stop with a mere verification of the most won- 
derful features of the phenomena. He made many studies of 
the nature of the radiations and their reactions on various forms 
of matter, but, like other contemporary investigations, the re- 
sults were hardly more than negative and he published them 
only in a preliminary paper (1896) on the subject. 

“This short review of the more important scientific work of 
Professor Wright, which was published and is attainable by 
everybody, does not by any means exhaust the list of his ac- 
tivities. His observations on the polarization of the solar corona 
made in Colorado on the occasion of the solar eclipse of July 
29, 1878, were among the most important and conclusive up to 
that time. So, too, at a later date (1888) he aided the Gov- 
ernment, as a member of a committee appointed by the National 
Academy of Sciences, in fixing the standards for polariscopic 
determinations of sugars at the national customhouses. This is 
interesting as having been one of the many occasions in which the 
Government has with profit turned to the National Academy 
for scientific advice. Another work of public character was 
performed in 1887, when he served as chairman of the com- 
mittee of weighing on the Assay Commission to test the fineness 
of the gold and silver coins at the United States mint in Phila- 
delphia. Further he was, from 1881 to 1886, an adviser of the 
Government Signal Service, but what he there accomplished has 
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not been specifically published, as far as known to the present 
WTiter. 

“Of w^ork, important, but of a different character from that 
already mentioned, were his labors on the two editions of 
Webster’s Dictionar}" of 1864 1890. In the revision of 

1864 he acted as general collaborator, assisting in the prepara- 
tion of the manuscript for the press, the revision of definitions, 
especially those of scientific and technical subjects, and in read- 
ing the proofs. He also prepared for this edition the articles 
on "Orthography’ and the "Rules’ for spelling certain classes of 
words, and assisted in the revision of the list of "Arbitrary Signs 
used in Writing and Printing.’ In the edition of 1890 he gave 
his attention especially to the definitions in chemistry and 
physics. Professor Wright also prepared a series of summaries 
on "Scientific Progress’.” 

Professor Wright’s distinguished work in physics won for 
him wide recognition in scientific bodies. He was elected a 
member of the National Academy of Sciences in 1881 ; he was 
also made a Fellow of the Royal Astronomical Society of Great 
Britain in 1879 ; a member of the American Philosophical So- 
ciety in 1896; of the Connecticut Academy of Saences; the 
American Meteorological Society; the New York Academy of 
Sciences and other scientific bodies. 
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The following bibliography includes Wright’s most important 
scientific papers; those of 1870 and 1871 were published when 
a professor at Williams College: 

1870 

On a peculiar form of the discharge between the poles of the electrical 
machine, Amer, Jour. Sci (2), vol. 49 , pp. 381-384 

1871 

On certain forms of the electrical discharge in air, ibid., {3), vol. 1 , 
PP 437-443. 

1872 

On a simple apparatus for the production of ozone with electricity of 
high tension; ibid , vol. 4 , pp. 26-29. 

On the action of ozone upon vulcamzed caoutchouc; ibid., pp. 29-31. 


1874 


On the oxidation of alcohol and ether by ozone, ibid., vol 7 , pp 184-189. 
On the polarization of the Zodiacal Light; tbtd , pp. 451-459. 

On the spectrum of the Zodiacal Light; %hid , vol 8, pp. 39-46. 
Polariscopic observations of Coggia’s Comet; ibtd., pp, 156-157 


1875 

Spectroscopic examination of gases from meteoric iron; ibid, vol. 9 , 
pp. 291-302 

Preliminary note on an exammation of gases from the meteorite of 
Feb. 12, 187s, ibid., pp. 459-460. 

Examination of gases from the meteorite of Feb. 12, 1875 , ibid., vol. 10, 
pp. 44-49 

Images produced by lightning; tbid., pp. 317-318. 

1876 

On the gases contained in meteorites; ibid, vol. 11 , pp. 253-262. 

On the gases contained m meteorites, 2d paper ; ibid., vol. 12 , pp 165- 
176. 


1877 

On the production of transparent metallic films by the electrical dis- 
charge in exhausted tubes; ibid., vol. 13, pp. 49-55. 


234 



ARTHUR WII^LIAMS WRIGHT — ^DAXA 


On a new process for the electrical deposition of metals, and for con- 
structing metal-covered glass specula, ibid j vol 14 , pp. 169-178 

1880 

Report on the polarization of the corona during the total solar eclipse 
of Julj^ 29, 1878 From Washington Observations, for 1876, Appendix 
III. 

Reports on the total solar eclipses of July 29, 1878, and Jan. ir, 1880. 
Astronomical and Meteorological Observ^ations made during the year 1876, 
at the U. S Naval Obser^^atory. Part II, appendix III, pp 261-281, 
Washington, 4°. 

1881 

On the gaseous substances contained m the smoky quartz of Branch- 
ville, Conn. Amer. Jour. Sci., vol. 21 , pp. 209-216 
The polarization of light from Comet B, 1881, ibid, vol. 22 , pp. 142- 

144. 

Polariscopic observations of Comet C, 1881 ; ibid., pp. 372-374 
An apparatus for the distillation of mercury in vacuo ; ibid , pp. 479-484. 

1888 

Report on quartz plates used m determinations of sugar m the U. S. 
Custom Houses. As Chairman of the committee of the National Acad- 
emy of Sciences ; Rep’t. Nat Acad. Sci , pp. 39-45. 

1890 

The Zodiacal Light; Forum, vol 10 , pp. 226-236. 


Cathode rays and their effects; Amer Jour. Sci. (4), vol. 1 , pp. 235- 
244. 

1898 

The relation between structural and magneto-optic rotation (with D, A. 
Kreider) ; ibid., vol. 6, pp. 416-427 

1901 

Spectrum of alternating current discharge studied with reference to 
its spectrum and especially the ultra-violet spectrum (with E. S. Downs) ; 
ibid , vol. 12, pp. 66-73. 

In addition to his scientific papers, Wright also wrote a num- 
ber of excellent biographical memoirs. Among these are to be 
mentioned ; 
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Benjamin Silliman, Sr (1779-1864), and his son, Benjamin Silliman, 
Jr (1816-1885) ; these are published m volume 22 of the Ninth Edition 
of the Encyclopedia Britannica 

Alfred Marshall Mayer, Amer. Jour, of Sci., vol 4 , 1897 

Ogden Nicholas Rood, ibid , vol. 15 , 1903 

Also for the National Academy of Sciences in 1911 : 

Benjamin Silliman, Sr (1816-1885), and James Hammond Trumbull 
{1821-1897). 

Another work of importance calling- for much careful study 
is the ‘^History of the Class of 1859 in Yale College. A Record 
of Fifty-Nine Years.'' This was prepared by him in 1914 as 
Class Secretary for the fifty-fifth reunion of the Class of 1859. 
As a matter of fact, no meeting was held, which gives all the 
more value to this volume of 288 pages. 

It opens with an account of the semicentennial meeting in 
1909 at which some twenty-four members were present. This 
was held at the house of Mr. Couis H. Bristol. Then follow 
the individual records of each member of the class, the graduates 
on pages 17-198, the nongraduates following on pages 199-248, 
The volume closes (pages 249-288) with a full and carefully 
prepared series of statistics of the class as to membership in the 
college societies, public honors, et cetera ; also a list of the chil- 
dren and other similar matters of interest. 

That the work involved much time and labor is at once obvi- 
ous. Wright confesses this in the closing clause of his "Pre- 
fatory Note.” This is worth quoting here entire since it shows 
also the rarely friendly character of the man. He says. "Tn 
conclusion, let me say that though the task of preparing the 
Record has been long and laborious, it has been most interest- 
ing, and the frequent communications to and from the members 
of the class a source of constant pleasure. If the result meets 
the approbation of my classmates it will bring great satisfac- 
tion to 

'"Yours most cordially, Arthur. W. Wright, 
Class Secretary,'^ 

New Haven, September i, 1914. 
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It IS certainly remarkable that, at the age of seventy-eight 
years and only a year before his death, he was able to complete 
so large a work, and one calling for so much careful thought and 
labor. 

Arthur Williams Wright was certainly a rare man in 
character and in ability. 
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JESSE WALTER FEWKES 
1850-1930 

Jesse Walter Fewkes was born at Newton, Massachusetts, 
November 14, 1850, son of Jesse and Susan Emeline (Jewett) 
Fewkes Both his parents were born at Ipswich, Massachu- 
setts. His mother’s ancestr\ traced to the close of the 17th 
centurj^ in America. The primary educational opportunities of 
the period were given the boy with the long view that he should 
have an advanced education 

The resources of the intellectual environment of Jesse Walter 
Fewkes at the period of 1850 were particularly rich m men and 
reasonably so as to material agencies. His family means, 
limited to the income of his father as a craftsman, were bud- 
geted unalterably as to the item of education, reflecting the early 
American belief in this essential feature. 

Thus the youth, Jesse, entered into the ways of learning 
through the primary schools and grades locally organized. 
There is no data giving a glimpse at his progress and capabili- 
ties in this formative period, only that a clergyman became in- 
terested in his education. Through this interest Fewkes was 
prepared for Harvard, and at 21 he entered the college with- 
out conditions. 

His course in the school may be marked by two periods, in 
which he essayed to find his particular bent that would develop 
into a life work In the branch of physics we find him leaning 
toward the advancing field of electrical science under that de- 
partment at Harvard. The second and dominating branch of 
science in which Dr. Fewkes worked for many years was marine 
zoology. At the Agassiz school at Penikese Island, under the 
inspiration of the great teacher, he laid the foundation for his 
work on marine zoology. 

Agassiz had the European attitude toward science and the 
art to give examples. This attitude considered learning as 
scarcely secondary to religion, a matter for intense propagation. 
It demanded a serious regimen, a devoted search for the truth, 
and the implanting of the same spirit in the consciousness of 
others* This explains the teacher Agassiz. 
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Pursuing this science Fewkes studied zoolog} at Leipzig, 
Germany, during the four years subsequent to his graduation at 
Harvard in 1875. As a student under the Harris fellowship 
he also spent a period of work in marine zoology at Villa Franca 
and Naples, 

Returning to the United States, Dr. Fewkes was appointed 
assistant in the Museum of Comparative Zoolog}’ at Harvard 
Here he spent nine years in charge of the lower invertebrates 

Dr. Fewkes’ life work was divided into two periods of scien- 
tific pursuits, that of marine zoolog}" and that of ethnology. 
The extent and seriousness of Dr. Fewkes’ work in natural his- 
tory may be seen in his extensive bibliography on marine ani- 
mals, numbering 69 titles. 

Dr Fewkes’ attainments as a marine biologist were of a high 
order and brought prompt recognition from students m all coun- 
tries where this branch of science was pursued. He was chosen 
to write the articles Coelenterata, Discophora, Siphonophora, 
Ctenophora, and Actinozoa for the Kingsley Standard Natural 
History, Boston, 1885. Much of his time was given to the 
study of the Medusae. The phenomena of the formation of 
coral islands were investigated by him at a time when this 
subject began to attract the attention of scientific men. In the 
minute and painstaking work of describing the various forms 
of marine life he was proficient His drawings of the anatomy 
of medusa and coelenterates attained the height of skill 
This second period is marked by the episode of Dr. Fewkes’ 
entrance into the field of anthropology, which began on an ex- 
cursion to the Pacific coast on the Santa Fe Railroad. Along 
the route in New Mexico and Arizona he saw numerous mem- 
bers of the peaceful Pueblo Indians who are not less attractive 
than their terraced communal villages. 

The Southwest, a region ear-marked for exploration by Major 
J. W. Powell in 1868, presented a vast field for archeological 
and ethnological investigation, and had already claimed the 
work of Holmes, Stevenson, Mindeleff, Cushing, and others who 
may be acclaimed as the pioneers. The locating and surveying 
of archeological sites comprised the efforts of most of these early 



JESSE WALTER EEWKES — HOUGH 


workers. ^Mindeletf studied the architecture, ancient and mod- 
ern, of the Pueblos, and Cushing confined himself to an inti- 
mate study in residence of the Zuni tribe. 

At this period ]Mary Hemenway of Boston was interested 
m setting on foot researches m the Pueblo region, and Frank 
Hamilton Cushing was chosen to carry on the work. At the 
close of Mr. Cushing’s brilliant studies, during which he suffered 
much in health, Dr. Fewkes, fresh from his travels in the west, 
was appointed leader of the Hemenway Expedition. 

Cushing had confined his intensive investigations to the Zum 
Indians of New Mexico. With these Indians also Fewkes took 
up the work of the Hemenway Expedition and published sev- 
eral papers on Zuni music and ceremonials. Later he trans- 
ferred his headquarters to the Hopi Indians living on the isolated 
mesas of northeastern Arizona. The study of the Hopi com- 
prised a good part of Fewkes’ contributions to ethnologj' His 
affection for the Hopi was profound. 

From the beginning of his acquaintance with the Hopi In- 
dians, Dr. Fewkes saw the importance of the record of the 
striking calendric ceremonies of this tribe. Evidently these 
ceremonies had come down from early times, and at the period 
of Fewkes’ coming had been little modified. In this study 
Fewkes observed and recorded in detail, often at great sacrifice 
of personal comfort, all the rites of the ceremonial year, a body 
of scientific knowledge of inestimable value. 

Interpretation of the archeological finds made during these 
explorations in the southwest was naturally a difficult problem. 
Confronted with this crux, Dr. Fewkes turned to the existing 
Pueblo Indians of the region to ascertain whether in the sur- 
vivals of their social life there would be material to elucidate 
the subject. This lead proved most fertile. Due to the con- 
servatism of religious practices Dr. Fewkes found abundant 
means of explaining the past by the present. 

Particularly fortunate was the survival in isolation in the 
desert of the Hopi Indians, practically at the primitive stage 
at the beginning of Dr. Fewkes’ researches. Study of the lore 
of these Indians gave Dr. Fewkes confidence in referring prob- 
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lems coming up in his explorations to the body of Hopi tradi- 
tions and survivals of art and customs. 

An example of the application of the natural history method 
is concerned with the artifacts resulting from the exploration 
of Sikyatki in 1895, during which hundreds of pieces of dec- 
orated pottery were excavated. Applying the interpretation of 
the art motives used in the decoration of ancient Hopi religious 
paraphernalia given him by the priests, Dr. Fewkes was able 
for the first time to fix the meaning of the Sikyatki symbolic 
designs. The sound indoctrination of Agassiz appears here. 
Gradually Fewkes’ idea of the use of the Hopi complex as a 
source by which antiquity could be interpreted appealed to the 
common sense of scholars. It is felt that this major contribu- 
tion of Dr. Fewkes will finally meet with general agreement. 

RESEARCHES 

Confining his work for several years to the Pueblo field, Dr. 
Fewkes on his entrance into the Bureau of American Ethnology 
broadened his inquiries to include regions that might yield data 
bearing on Pueblo culture. Important field work was under- 
taken on the Gulf coast of Mexico, the region of the first con- 
tact of the Spanish and containing possibilities of cultural con- 
tacts with tribes of the southern United States. 

On his coming as ethnologist to the Bureau of American 
Ethnology in 1895, Fewkes continued his researches in the 
southwest This was his most fruitful period, continuing to 
1918, when he was appointed chief of the Bureau of American 
Ethnology. During the period of added administrative work 
he still found time to carry on field explorations. Even while 
visibly failing he completed a last work, the exploration of 
Elden Pueblo, an ancient site near Flagstaff, Arizona 

West Indian archeology and its relation, if any, to the cul- 
tures of the southern United States and to South America, re- 
spectively, was regarded by Dr. Fewkes as an important prob- 
lem to be investigated. Dr, Fewkes’ work in Porto Rico was 
published in a notable monograph regarded as a permanent con- 
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tribution to the subject The West Indian researches were 
correlated with the work carried on by Dr. Fewkes in other 
islands of the group. 

Returning to his favorite Pueblo field, Dr Fewkes brought 
to a consummation his most valuable contribution to Pueblo 
archeology. Dr Fewkes’ idea was to contribute to the educa- 
tional aspect of the ancient ruins by preparing them for study 
by carefully excavating the site and preserving and rendering 
them accessible to the public 

The traditions of the Hopi clans contained many allusions 
to the place of origin of the groups entering into the tribal 
complex. Dr. Fewkes found that there were clans from the 
north with animal totems, and clans from the south with nature 
totems, and clans from the east with totems of both classes. 
The traditions of the southern clans were more detailed and 
showed later data than from those of other quarters. Several 
years were spent by Dr. Fewkes in investigating the settlements 
of the clans named by informants. This quest led to explora- 
tions in the Little Colorado Valley along the river and south 
to the White Mountains, the ruins all showing pottery of the 
polychrome type and cream color, buff, and orange paste pres- 
ent. The study of clan origins was facilitated by the survival 
of a knowledge of the clan right to eagles in sites previously 
occupied by the Indians. 

Continuing the work on the Little Colorado Valley, Dr. 
Fewkes penetrated to the upper Gila, a r^ion marked by adobe 
villages, and also into the Red Rock country south of Flagstaff, 
where the Hopi still go for various needed products, such as 
roasted agave and bark for tanning or coloring buckskin. 

In carrying out the work mentioned above of preserving ruins 
as assets of the educational system of the nation. Dr. Fewkes 
undertook the restoration and repair of Casa Grande in south- 
ern Arizona. This ruin, one of a number in the Salt River 
Valley, was seen as an extensive low mound of crumbled earth 
in which stands the remains of a massive adobe building known 
as Casa Grande, a landmark mentioned by early travelers in 
this region, Casa Grande was evidently the principal building 
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of an ancient city of low mud houses, the whole surrounded 
by a mud wall, forming- a compound of great extent. Dr. Few^ 
kes freed the base of this building from accumulated debris and 
placed over it a roof for protection against w^ashing rains, A 
sufficient portion of the great compound was cleared to show 
the character of the architecture and arrangement of the cell 
units of the ancient city and the mud walls sealed over with 
cement. Through Dr Fewkes’ labors this monument is pre- 
served for the enlightenment of thousands of visitors yearly 

Mesa Verde in Colorado is one of the most striking and 
valuable examples of Dr. Fewkes' idea of the preservation of 
ruins. Mesa Verde was the scene of the flowering of Cliff 
Dweller life. The remains here, both of open-air pueblos on 
the mesa and in the walls of the canyons, represent the Great 
Period of Pueblo culture. The region was high and inacces- 
sible, but relic hunters before 1890 had done much damage. On 
the taking over of Mesa Verde by the Government as a na- 
tional monument the National Park Service arranged with the 
Smithsonian Institution to have Dr. Fewkes carry on explora- 
tions and to preserve the ruins. This project took several years 
and gave a permanence and intelligibility to the Mesa Verde 
that is appreciated by the thousands who visit them yearly. 

Among the many archeological fields in which Fewkes worked, 
the culture of the Mimbres Valley, New Mexico, proved to be 
important. Dr, Fewkes was pioneer in the investigation of the 
Mimbres* culture characterized by ceramics of unusual decora- 
tion in natural forms, described in several publications 

Summing up Fewkes* ethnological work among the Hopi 
it is seen that he provided a key by which could be interpreted 
the complex archeological remains of the ancient inhabitants of 
the southwest. Especially as to religious structures and sym- 
bolism is this applicable in the southwest. 

By exploring type ruins in various parts of the southwest he 
contributed much of value to archeology. His methods, though 
not equivalent to the stricter regimen of present-day archeology, 
were adequate to the means and needs of the period. Espe- 
cially in the collection and preservation of objects of material 
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culture he was preeminent. About sixty per cent of the mate- 
rial from the southwest now in the United States National 
Aluseum was collected by Fewkes. Important collections from 
the West Indies and ]Mexico were amassed by his efforts. 

Another contribution was his method of preservation and re- 
pair of key ruins, an idea working toward economic and educa- 
tional values. Still another contribution was his successful 
effort to induce the Government to set aside certain areas con- 
taining ruins as national monuments. Several of these reserves 
were established through his efforts. 

Dr. Fewkes received many honors from learned societies and 
other bodies. He was made Knight of the Royal Order of 
Isabella la Catholica in recognition of his distinguished services 
at the Columbian Historical Exhibition at Madrid in 1892. 
From King Oscar of Sweden he received a gold medal “Literis 
et Artibus’’ for his discoveries in anthropology. He was a fel- 
low of the American Academy of Arts and Sciences, member 
of the National Academy of Sciences, and officer or member 
of many scientific organizations. He received the d^ree of 
LL. D. for services in anthropology from the University of 
Arizona in 1915. 

Dr. Fewkes was a likable, friendly man. Of above average 
height, well fleshed, sandy to reddish hair and beard, blue eyes, 
florid complexion, he was a personable man. He delighted to 
commumcate his knowledge to all and common. 

It was an experience of enduring memory to camp with Dr, 
Fewkes in the fascinating southwest. Under his leadership the 
glamor of the pursuit of the unknown filled the mind with 
pleasing pictures of new contributions to a young science. Each 
morning, after a night’s sleep under the stars, everyone in the 
party returned vigorously to the work of excavation. 

He married Florence George Eastman, who died in 1888, and 
again was married to Harriet Olivia Cutler, whose death pre- 
ceded his by a few weeks. 
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THOMAS ALVA EDISON 

Bxrth and Parentage 

Thomas Alva Edison, probably the greatest inventor that 
America has produced, was born at Milan, Ohio, on February 
nth, 1847. 

According to family records, the paternal ancestor of the 
Edisons landed in New Jersey, from Holland, about the year 
1730. The family on Edison’s mother’s side, the Elliotts, was 
of Scotch-English origin and settled in New England prior to 
1700. The Edisons were a vigorous, hardy stock. The in- 
ventor's great-grandfather, Thomas Edison, lived to be 104 
years old, John Edison, his grandfather (1750-1852), to 102, 
and Samuel Edison, his father (1804-1896), to 92. They were 
all men of endurance and strong physique. Great-grandfather 
Thomas took an active part against the British Government in 
the Revolutionary War of 1775-1781 ; while grandfather John 
Edison, who w^as a young man of 25 when the war broke out, 
sided with the loyalists. When the great exodus occurred in 
1783, and many thousands of loyalists embarked for Canada, 
John Edison was among them. Father Samuel Edison was 
born at Digby, Nova Scotia, in 1804. John finally settled at 
Vienna, Ontario, close to the northern shore of Lake Erie, and 
there he remained, as a Canadian citizen, to the end of his life. 

In 1828, Samuel Edison, the inventor’s father, married 
Nancy Elliott (1810-1871), a school teacher at Vienna She 
was a clever, brilliant and attractive woman, the daughter of 
a Baptist clergyman and granddaughter of Captain Ebenezer 
Elliott of Scotch ancestry, who fought on the American side in 
the Revolutionary war, and who finally settled at Vienna, 
Ontario, where he lived to an age of over 100 years. 

In 1837, when political disturbance in Ontario culminated 
in rebellion against the British government, Samuel Edison. 
33 years of age, tall and of strong physique, was fighting as 
a Captain in Mackenzie’s insurgents. For the second time, the 
younger member of the Edison family found himself on the 
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side of a lost cause. Samuel Edison had to make his escape 
with his wife, through dangerous country, to the southern shore 
of Lake Erie. They finally settled at Milan, Ohio, Here 
three children were born: William Pitt, Tannie, and the sub- 
sequently famous Thomas Alva, the last named on February 
iith, 1847. All three children showed ability, but that of the 
two eldest was of an artistic and literary character. 

Boyhood (1854-1868) 

W^hen young Edison was seven years old, his family removed 
from Milan, Ohio, to Port Huron, Michigan, through which 
town the Grand Trunk Railroad had laid its tracks along the 
St. Clair River which separated Michigan from Ontario. The 
boy was good-natured and courageous. Most boys are well 
endowed with curiosity, but little Thomas seems to have had 
curiosity insatiable. He used to express surprise that the 
grown-up people round him were unable to answer his numer- 
ous questions. He spent three months at the Port Huron 
public school, that being all the formal schooling he ever had. 
As a scholar, he does not appear to have made a success. His 
mind was keen enough; but did not follow the grooves of 
school learning. His mother, who had been a teacher, and 
understood him, attended to his education herself. Under her 
guidance he became proficient in reading and writing. Arith- 
metic he never cared for. He soon revealed a great thirst for 
experimenting, and especially for chemical experimenting. He 
spent his pocket money on inexpensive chemicals, and his spare 
time in the family cellar, trying out their properties — to see if 
what the book said was true Throughout his life, Edison 
never accepted a text-book statement as final, until it had been 
tried out. 

When the boy was eleven years old, he commenced his first 
venture in business, by taking family garden produce to market 
in Port Huron, in a little horse wagon, with the aid of another 
lad. At twelve years of age, he applied for and secured a con- 
cession from the Grand Trunk Railroad to sell newspapers on 
the trains between Port Huron and Detroit (a distance of 100 
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km. or 62 miles ) . In this wa} he was able to gain more pocket 
money for chemicals and experiments. He not only kept up 
this newsboy work on the trains; but also extended it, by 
employing other boys as assistants on other trains, and opening 
two small stores in Port Huron, each operated by a boy com- 
panion. Later he transferred part of his stock of chemicals 
from the family cellar to the baggage car of the train on which 
he worked He was very popular with the trainmen, who 
knew him as ''AV\ A photograph of little Al, at about fourteen 
years of age, shows a cheery, plucky lad, in a train-boy’s cap, 
full of keen interest in the world. About this time, he pur- 
chased in Detroit a small hand pnnting press, with forms and 
type. He persuaded the train conductor to let him mount this 
in the baggage car, and so organized not only the first railway 
chemical laboratory; but also the first railway printing press, 
collecting the news, composing, setting, printing and selling the 
sheets, all himself. The circulation of this single sheet, “The 
Weekly Herald”, amounted to 800 copies 

It was in 1862, when Edison was fifteen years old, carrying 
regularly an eighteen-hour workday, that an accident occurred 
which left him with a permanent deafness in both ears Run- 
ning over a rough piece of track, the baggage car, with its 
Edison corner laboratory, jolted to the floor a stick of phos- 
phorus. This started a fire in the car that took all the eflforts 
of Edison and the train crew to subdue. The conductor was 
so angered that he soundly boxed young Thomas^ ears. When 
the train stopped, all the stock of the laboratory and printing 
press was thrown out on the station platform, to his great 
distress. In Edison’s opimon, the injury to his hearing, that 
may have been caused by the cuffing, was intensified later, when 
a friendly trainman tried to help him climb on a baggage car, 
by pulling on his ears. 

The slight deafness which came on after these events became 
permanent and gradually increased in later years. A man of 
lesser calibre might well have become morose by this infirmity ; 
but it certainly did not have that effect upon Edison. His 
disposition remained throughout life, sunny, kindly and serene. 
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In fact, he used to claim that his deafness was an asset; since 
it permitted him to concentrate his thoughts upon any desired 
object of study, even among intensely noisy surroundings. It 
was a remarkable vindication against fate, when this partially 
deaf man later discovered, invented and perfected the phono- 
graph. 

In August, 1862, an incident occurred which changed the 
direction of young Edison^s career. The train on which he 
was newsboy WcLS at Mount Clemens Junction, where freight 
cars were shifted. A box car was being shunted, at consider- 
able speed, to a side track The station agent’s little son, the 
two-year-old Jimmie Mackenzie, had strayed to play on this 
side track, right in the way of the oncoming box car Young 
Edison on the platform saw the danger. Casting aside cap and 
bundles, he jumped on the track and reached the child just in 
time to haul him clear. As it was, one front wheel of the car 
struck his heel, and threw him with the child to the side of 
the track, on the stone ballasting. Their faces and hands were 
cut ; but no serious injury had been incurred. 

On the following day, Mackenzie offered to teach the lad 
Morse telegraphy, with a view to helping him secure, later on, 
a position as railway telegraphist. Edison accepted, and in a 
few months, taking lessons three times a week, between train 
times, together with practice at odd hours elsewhere, he 
attained proficiency at the key. 

For the next six years, Edison followed the career of a 
telegraphist During that time, he wandered, in the service of 
the Western Union Telegraph Company, through a number of 
cities in the middle west, and the south as far as New Orleans. 
He became noted as a rapid and accurate operator, frequently 
being assigned to press work on night duty. He adopted for 
this work a clear, fast and upright style of handwriting, which 
afterwards always characterized his penmanship. He spent all 
his available leisure in experiment and study Faraday’s "'Elec- 
trical Researches” particularly interested him, owing to their 
close dependence upon experiment, their imaginative appeal, 
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and their freedom from mathematical symbolism. He also 
acquired, in the course of his journalistic daily work, and with 
his retentive memory, a large fund of general information. 

Entrance to Edison's Career as an Inventor (1868-1876) 

In October, 1868, when Edison was 21 years old, he applied 
for his first American patent — ^a vote recorder. This was a 
device which enabled the affirmative and negative votes of a 
seated voting assembly to be swiftly recorded and automatically 
totaled at the chairman’s desk. Edison succeeded, after much 
effort, in demonstrating the invention at Washington, before 
the appropriate committee of Congress, only to find that there 
was no demand for a mechanism of that kind Unsuccessful 
but undismayed, Edison returned to his little workshop in 
Boston. About this time he gave up the career of a teleg- 
raphist, and devoted himself entirely to invention. He com- 
menced with an improved telegraphic “stock ticker.” In 1S69, 
when he went to New York, the nation was off the gold 
standard, as a result of the recent civil war, and the market 
ratio of gold bullion to government notes was constantly shift- 
ing in the ‘‘Gold Room” of the Wall Street Exchange. A 
transmitting instrument, not of Edison's design, operated from 
a keyboard in the Gold Room, issued the fluctuating gold quota- 
tions over wires to brokers' offices in the vicinity, each office 
having a dial-indicating receiver. On the third morning after 
his arrival in New York, Edison was standing near the trans- 
mitter, which, as a specialist, he had carefully examined, when 
it became suddenly deranged by an internal accident, thus 
throwing out of action all the indicators in the connected 
brokers' offices. In the ensuing tumult, he realized the nature 
of the derangement and volunteered to correct it. His offer 
was accepted, and he was able to restore normal operation 
very speedily. This led to his being made manager of the 
system, which he proceeded to improve and develop with new 
inventions. The new Edison Stock Ticker was a great advance 
in many respects over the earlier device, and brought him much 
renown. 
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Edison used to describe, from personal observation of the 
gold-quotation system in Xew York City, the sensational events 
of the financial panic on Black Friday, September 24th, 1869, 
when gold went to a high premium. Prices rose so rapidly that 
his system had difficulty in keeping up with the market. It 
was characteristic of him, that while he was for a number of 
months an operating personage in a continual stream of specu- 
lation, he never speculated himself, nor even felt any impulse 
to speculate. He was constantly at work, either in the office or 
machine shop, testing or improving 

A few days after Black Friday, he entered into the first 
recorded American firm of Consulting Electrical Engineers, 
under the title of Pope, Edison and Company, 80 Broadway, 
New York. 

After the successful sale of some of his inventions to the 
Western Union Telegraph Company, Edison opened machine 
shops at Newark, New Jersey, for invention and manufacture. 
He kept 50 workmen busy, and when orders came in heavily, 
a night force also. He served as foreman for both gangs, 
which meant living on the premises and taking short periods of 
sleep at odd intervals during the twenty-four hours. Here he 
developed a number of telegraph inventions, in particular, the 
quadruplex for sending and receiving four messages simulta- 
neously over a single wire — ^two in each direction — , and the 
high-speed automatic telegraph. During the Newark period 
(1870-1876) he took out nearly 120 American patents, almost 
all in electric telegraphy. 

In 1871, Edison married Mary G. Stillwell, by whom he had 
three children, Marion E», Thomas A., and William L. Edison. 

Menlo Park Period (1876-1884) 

Edison moved his laboratory from Newark in 1876, to 
Menlo Park, New Jersey, a small village on the Pennsylvania 
Railroad between Rahway and Metuchen, New Jersey, where 
he could concentrate on invention; since he found the combina- 
tion of invention and manufacture too strenuous, even for his 
energetic temperament. This was the year of the Centennial 
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Exhibition at Philadelphia, at which the new Bell telephone 
was first shown to the public. The original Bell telephone 
apparatus did not have a satisfactory transmitter, and Edison, 
after much experimental labor at ^lenlo Park, produced a 
carbon-button transmitter that virtually converted the tele- 
phone from an experimental to a commercially available ap- 
paratus. It was in his experimenting with the carbon trans- 
mitter, that Edison coined the now well-known call word 
“Hello*', which spread out from Menlo Park until it became 
adopted by telephonists all over the world. He also invented 
about this time, in ilenlo Park, a new ingenious non-magnetic 
type of telephone receiver ; since he wns prevented from using 
the Bell electromagnetic receiver It operated on the principle 
of electrolytically varied friction between tw'O conducting sur- 
faces in rubbing contact. This instrument, called the electro- 
mot ograph receiver, had certain advantages in special cases, 
and produced very loud sounds; but did not come into exten- 
sive telephone use 

In 1877, Edison discovered and developed the first stages of 
his phonograph or talking machine, which was justly regarded 
as a great wmnder at that time Owing to the pressure of other 
inventions, however, he was reluctantly compelled to set this 
instrument aside for a time, and leave its further development 
to later years. 

In 1878 he took up the inventive problem of “subdivision of 
the electric light". At that time the arc light, originally dis- 
covered by Davy in 1809, had been developed and had come 
into commercial use for the illumination of halls and streets; 
but it was too powerful for interior use, and the problem there- 
fore was to substitute a number of small electric lamps for a 
single arc lamp. A number of inventors had already experi- 
mented wuth glow lamps or incandescent lamps ; but no success- 
ful result had been achieved. Edison realized that a commer- 
cial incandescent lighting system would require its lamps to be 
connected “in parallel”, between the main conductors, like the 
rungs of a ladder, and not “in series”, or end-to-end connection, 
as had been the leading idea. This required that each lamp 
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should have a long, thin, high-resistance filament, a condition 
that greatly increased the difficulties of the problem. After 
a vast number of failures, his first partially successful lamp had 
a filament of carbonized cotton thread, mounted in a highly 
evacuated glass globe, with sealed-in platinum-wire leads. This 
lamp, in October, 1879, glowed for 45 hours before breaking. 
After that, success was gradually reached. It came through 
overcoming, in succession, a large number of small difficulties, 
any one of which could have destroyed the project. 

A new industry had then to be created from the Menlo Park 
laboratory results. A lamp factory, a dynamo factory, fac- 
tories for making operating instruments, testing instruments, 
main conductors, etc., all had to be set up and standardized. 
The early lamps were all operated by voltaic batteries, and 
although there were dynamos for operating arc lamps, there 
was none in existence for operating incandescent lamps in 
parallel. Such d3mamos had to be designed and built. These 
were at first driven by leather belts from the standard low- 
speed steam engines of that period, the speed of which, although 
satisfactorily steady when driving factory machinery, fluctuated 
appreciably when used for incandescent lighting service. 
Edison realized that these belts could not be used in perma- 
nent reliable central stations; so new types of high-speed 
engines, with heavier fly-wheels, had to be developed for 
coupling directly to the dynamo shafts. After a number of 
small incandescent-lighting plants had been successfully set in 
operation, it was decided to open a central incandescent station 
in the center of the down-town business district of New York 
City, at 257 Pearl Street, with underground conductors. In all 
of this work, Edison was his own chief engineer. 

The Pearl Street Station turned on its current to the lamps 
in the district, September 4th, 1882. It was successful from 
the first, the system gradually expanding over the whole of 
New York City. Although domestic gas lighting was then gen- 
erally used, the new incandescent lamps won popularity through 
their steadiness, coolness, freedom from combustion products, 
and reduced fire hazard. About the same period, Edison incan- 
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descent-lig-hting stations and systems began to be developed all 
over the world. 

Edison foresaw that the successful introduction of the incan- 
descent lamp into factories and homes would immediately admit 
the use of the electric motor for operating machinery and 
household power devices. A few motors had already been 
employed on constant-current series-arc circuits; but the con- 
stant-speed self -regulating motor, taking power from constant- 
voltage mains, could not be produced until the incandescent 
lamp led the way. The first Edison motors were operated at 
Menlo Park in 1880, and rapidly developed on the Edison 
three-wire systems, and in Sprague electric-railway systems. 

There were several standard characteristics of the Edison 
system worked out at Menlo Park, that have remained but little 
changed to this day. One of these was the lamp voltage, which 
he early set at or near iio volts. A second standard was an in- 
ter-connected system of underground iron pipes, carrying within 
the insulated copper conductors which supplied the lamps. Edi- 
son realized that all these wires must go underground in large 
cities, and he faced the mechanical and electrical difficulties of 
that procedure, which were initially very great- The third 
characteristic was the invention in 1880 of an important division 
of the underground conductors into two classes . i. e., mains, 
which exclusively supplied the lamps, and feeders, which exclu- 
sively supplied the mains. By this means, a large saving was 
made in the total weight and cost of the copper conducting 
system. The fourth, very soon after the starting of the Pearl 
Street Station, was the invention of the ^'three- wire-system”, 
by which, although the conductors in the system were in- 
creased throughout from two to three, yet the total amount of 
copper in the system was again reduced to about one-third; 
because all the conductors could be considerably reduced in 
size. 

The demands of the electric light and power industry on 
Edison^s time were so great that during his stay at the Menlo 
Park laboratory, he could give but little attention to the new 
discoveries and inventions which he was constantly making. 
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One of these discoveries was m 1883 — the '‘Edison effect’’ , 1. e., 
a discharge phenomenon that occurred in the iamps, when being 
exhausted ; whereby a gaseous discharge passed from the glow- 
ing filament to the positive filament clamp, and also produced a 
deposit on the inner surface of the glass bulb In later years, 
Fleming, De Forest and others developed this into the thermionic 
tube, now so widely used. Another discovery, which he made at 
Newark in 1875, was a device for generating and detecting 
high-frequency electric waves, such as Hertz investigated in 
1889, and which later gave rise to modern radio telegraphy 
Edison’s generator was a vibrating-contact induction coil, or 
even an electric trembling bell, with one terminal connected to 
water-pipe ground. The receiver was a small wooden dark 
box, in which the opposed electrodes, consisting of graphite 
pencil points, could be brought into adjustable close proximity. 
When one electrode was connected to ground, and the other to 
any short open wire, small sparks could be seen to pass between 
the minutely separated carbon points in the dark box, if the 
latter was in the same building as the generator, or in some adja- 
cent building. These results were so different from those ordi- 
narily associated with electrical circuits, that Edison thought 
they might be some new phenomena, which he called “Etheric 
force” It required long researches of later years, in various 
countries, to link Edison’s experiments of 1875 with electro- 
magnetic waves and radio communication 

Llewellyn Park Period (1887-1931) 

Edison moved his laboratory from Menlo Park to New York 
City, after his wife’s death at Menlo Park, in August, 1884, 
and he gave up his home there soon afterwards. In 1886, he 
married Miss Mina Miller of Akron, Ohio. They made their 
home at Glenmont, Llewellyn Park, West Orange, New Jersey, 
and there they lived for the rest of his life. Their three 
children are Madeleine, Charles and Theodore. Edison built 
a commodious laboratory in West Orange, New Jersey, close 
to Llewellyn Park, and commenced work there in October, 
1887. 


296 



THOMAS ALVA EDISON' — KENNELLY 


At Orange, Edison perfected the phonograph, and made a 
long series of inventions, including the alkaline storage battery, 
the moving-picture camera, S3Tithetic rubber, the telescribe, the 
magnetic ore separator, various improvements in manufacturing 
concrete and other chemical products, as well as many war inven- 
tions for the United States Government. The list of these 
Orange laboratory inventions is so long that it cannot be at- 
tempted here. For instance, he developed his moving picture 
camera until he obtained some satisfactory reels of sporting con- 
tests. The moving picture industry of today acknowledges its 
start at the Orange laboratory. 

Personality 

The outstanding qualities with which Edison impressed those 
w^ho met him, were energ}L frankness, courage and kindliness. 
He was tall, and powerfully built, with a large head and a 
countenance open and engaging, but leonine in repose. 

He was a terrific worker, especially before his fiftieth year. 
He would often work at his laboratory or factory for twenty 
hours at a stretch, with only brief pauses for meals, concen- 
trating on one study at a time. His assistants worked in the 
same way, and he did not spare them, because he never spared 
himself. It was not that he actually dismissed assistants who 
did not work hard; it was the easy-going assistant who dis- 
missed himself and disappeared from the picture. When en- 
gaged on some difficult problem like the incandescent lamp, 
he and his staff worked together days, nights, Sundays and 
holidays, until they became unmindful of time. He was able 
to infuse them with his own enthusiasm. 

When working regularly at a less feverish pace, he secured 
recreation from change of work. Above all things, he loved to 
invent some new or better thing than the thing he saw. He 
ordinarily carried about in his pocket a standard small-sized 
yellow-page notebook that might last a week. On the succes- 
sive pages of this he would write down inventive ideas as they 
occurred to him, usually with some small illustrative sketch or 
sketches, together with the date and subject. He would stop 
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in the middle of a meal or conversation, or immediately on 
awaking, to write out an invention. In the course of a day, 
he might make twenty such rough designs. They might be 
nearly all in the same field; or they might differ greatly, 
depending much upon his surroundings during that period. 
One or two of these he would proceed to try out himself. The 
others he would probably distribute among his assistants to try 
out. He was ever incredulous about any invention that worked 
out successfully on the first trial, and always wanted to know 
what was the outstanding difficulty to be overcome. He was 
unfailing in encouragement and sympathy when difficulties 
beset an assistant’s path, and suggested methods of surmounting 
them. Many of his first- sketch inventions proved to be imprac- 
ticable, often for commercial reasons, and he did not expect 
more than a small percentage to survive laboratory tests; but 
fertility of imagination ran through them all. Moreover, he 
never sought to patent any process of which the inventive idea 
was not his own. More than one thousand American patents 
were issued to him during his career ; but these were only for 
the residual inventions that he selected as probably workable 
and economically capable of self support ^The vast majority 
never got beyond the notebook or the laboratory stages. 

His method of attacking an inventive problem of major 
importance was always the same. He would attempt nothing 
until he had a clear comprehension of the existing state of the 
art, preferably from watching the latest process, or examining 
models ; but otherwise by reading up the literature of the art. 
His memory for facts was most retentive, and he had acquired 
a habit of reading ordinary descriptive text by the line, instead 
of by the word, so that he could run through reports and 
pamphlets at great speed. He would then lay out in his note- 
book several plans for simultaneous experimental attack. As 
a confirmed optimist, he never doubted that an open path could 
be found for reaching the desired goal, provided that every 
possible plan was tried, regardless of established opinion or 
textbook authority 
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His patience and tenacit}’ in following up experimental 
improvements were most remarkable. He seemed to defy dis- 
couragement. He would spend weeks at a time on the improve- 
ment of the phonograph, teaching it, as he said, to say “specie^*. 
The delicate sybillant associated with the c was difficult for 
the instrument to render. It would return the word as 
'‘spec — ee”. He succeeded finally to his satisfaction, but not 
without trying a very large number of devices. 

In temperament he was simple, modest, direct and kindly. It 
was impossible for him to pose or assume airs. Although his 
practical knowledge was extensive in many branches of science, 
he never claimed to be more than an inventor. With the 
alertness of his active mind, he tended to take a definite opinion 
on any proposition that might be presented to him; but he 
would listen very tolerantly to opposite views, and give way 
pleasantly to facts or demonstration. In general, however, his 
vievrs proved to be reliable and based upon experience. He 
possessed a certain charm of manner which endeared him to 
his associates. Furthermore, he had the rare gift of securing 
the mutual good will of his assistants ; so that dissension among 
them was very exceptional. It is generally admitted that he 
won esteem and goodwill ever3rwhere. His only detractors have 
been those who did not know him personally. 

As an evidence of the loyalty of Edison’s associates to him 
personally, it may be pointed out that, in 1918, a voluntary asso- 
ciation was formed, called the '^Edison Pioneers”. The members 
are ^'Those persons who were associated with Thomas A. 
Edison, or connected with his work up to and including the 
year 1885.” Associate members are those who came later 
(1886-1931, inclusive). The Edison Pioneers meet annually 
in New York City on Mr. Edison’s birthday. At the present 
date (1932), there are 100 members and 136 associates. This 
memoir has been prepared with the help of the organization. 

At public receptions, he was shy and retiring. He dreaded 
to be called upon to make a speech. In private life, however, 
he showed a remarkable talent for humorous narrative, and he 
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enjoyed listening to a good story His life was a happy one. 
He was of very temperate habits, except in regard to hours of 
work. To the acquisition of wealth he was indifferent, except 
for the opportunities it brought for more inventions and 
accomplishments. 

Honors and Au^ards 

After his invention of the phonograph in 1877, honors came 
to Edison with increasing rapidity. The following honorary 
academic degrees were conferred upon him : Ph.D. Union Col- 
lege, 1878; D.Sc. Princeton, 1915; LL-D. University of the 
State of New York, 1916. 

The following is a partial list of his medals and decorations . 
Legion of Honor, France, Chevalier 1879, Officer 1881, Com- 
mander 1889. 

American Institute of the City of New York, Medals of 
Superiority, for Electric Pen, 1878, for Multiplying Press, 
1878 Medals of Excellence for Chemical Telephone, 
1879. For Carbon Telephone, 1879. 

Cross of Grand Officer (Count) of the Crown of Italy, 1889. 
Rumford Gold Medal, American Academy of Arts S: Sciences 
Albert Medal of the British Society of Arts, 1892. 

Honorable Consulting Engineer, St. Louis Exposition, 1904. 
John Fritz Gold Medal, 1908. 

Rathenau Gold Medal (Germany), 1913. 

Civic Forum Gold Medal, 1915. 

Medal of the Franklin Institute, Philadelphia, 1915. 

President of the Naval Consulting Board, 1915. 

Distinguished Service Medal of the United States Navy De- 
partment, 1920. 

First Recipient of Edison Medal of American Institute of Elec- 
trical Engineers, New York City, 1923. 

Membership in National Academy of Sciences, Washington, 
D. C., April, 1927. 

Society of Arts and Sciences Gold Medal, 1928. 

Congressional Gold Medal, 1928, 
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Patents 

The following is a list of 1.09 1 American Patents granted 
b\ the ILnited States Patent Office to Edison during his career. 
Thej’ are listed according to the numbers whose applications 
w ere executed by him in each successive vear between i868 
and 1928, inclusive, representing over sixty years of inventive 
activity. The individual titles of these applications up to the 
year 1926 are recorded in the Biography of Dyer, Martin and 
Meadoweroft (Bibliography No. i) During the same work- 
ing period he also had received up to 1 9 10, 1,239 foreign 
patents, distributed among 34 foreign countries. 


No of No of 

patents Date patents 

granted executed granted 

I , 1868 22 . 

4 1869 12 , 

7 1870 20 

8 1871 17 . 

38 1872 18 

25 1873 30 

IS 1874 18 . 

11 1875 19 . 

12 . 1876 24 . 

20 1877 12 . 

14 1878 20 

14 1879 23 

60 1880 19 . 

8g i88i 4 . 

107 1882 6 . 

64 1883 2 . 

24 1884 5 ^ 

17 1885 4 -■ 

29 1886 I . 

19 1887 16 .. 

45 1888 4 -• 

27 1889 I 

36 1890 3 - 

3S 1891 6 . 

5 1892 7 -- 

5 1893 S • 

o 18^ S • 

0 1895 2 . 

1 1896 2 

12 1897 

9 1898 

18^ 1091 


Date 

executed 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

igo8 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 


. Total 
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Chemical Manufa<ctures 

In addition to factories for producing dynamos, motors., 
incandescent lamps, etc., Edison designed and operated plants 
for the manufacture of cement, benzene, carbolic acid, myr- 
bane aniline oil, aniline salt and paraphenylenediamine. A 
number of these plants were established temporarily for mili- 
tary purposes during the great war, but others are still in 
operation. 

Termination 

The long, industrious and internationally famous career of 
Edison terminated by his death at 8*24 world time (Green- 
wich Civil Time) on the iSth of October, 1931, in the 85th 
year of his age at his home in Glenmont, Orange, New Jersey. 
President Hoover, receiving the news on the battleship 
“Arkansas^’ in Chesapeake Bay, issued by radio a nation-wide 
commemorative address. 

On the evening of October 21st, 1931, following his inter- 
ment, being also the fiftieth anniversar}^ of his effective inven - 
tion of the successful incandescent lamp, at the suggestion of 
President Hoover, the Central Station system lights were 
switched off for one minute over extensive areas of the North 
American continent — the United States and Canada — as a 
nation-wide tribute to the great inventor. 

Posthumous Honors 

Shortly after Mr. Edison's death, a number of memorial 
meetings were held in different countries in honor of his life 
and accomplishments. At these meetings resolutions were 
recorded. 

Thus, the Committee on “Production and Application of 
Light” of the American Institute of Electrical Engineers, in its 
annual report for 1932 {Electrical Engineering, June, 1932, 
pp. 447-453), concluded with the following statement: 

“The Committee on Production and Application of Light can- 
not conclude its report without allusion to the passing of the 
founder of the electric lighting industry. His death on Octobei 
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i 8 , 1931 ' the signal for an expression of world-wide appre- 
ciation of the services and of the life of the man whom elec- 
trical engineers have held in high regard by reason of his 
inauguration of electric light and power as a widespread service 
to the public. Edison passes but his work goes on He lives 
in the esteem of those who carry on under the banner which 
he raised ’’ 

The Chekoslovakian National Committee of the International 
Electrotechnical Commission transmitted the following resolu- 
tion to the Central Office in London : 

**The Chekoslovakian Committee has the honor to present in 
the name of all the scientific and technical bodies in Cheko- 
slovakia, the following proposition: 

‘That the name of the great American inventor Edison 
should be assigned to an electrotechnical unit.' 

“The Chekoslovakian Committee hopes that this motion may 
be accepted by all the National Committees who desire to 
express their gratitude to the genius of T. A. Edison ” 

Partial List of Edison Biographies 

“Edison, His Life and Inventions/' by Dyer, Martin and 
^leadowcroft, Harper and Bros., ^929, 2 Vols., Ulus. 
“Edison, the Man and his Work,” by George S. Bryan, A, A. 
Knopf, 1926, 330 pp.. Ulus, 

“Thomas Alva Edison, Sixty Years of an Inventor's Life," by 
F. A. Jones, T. Y. Crowell and Co., N. Y., 362 pp.. Ulus. 
“Thomas A. Edison, Benefactor of Mankind,” by F. T. Miller, 
J. C. Winston Co , Phila., 1931, 320 pp., Ulus. 

“Edison Honored Throughout the Entire World,” Association 
of Edison Illuminating Companies, 1929, 63 pp.. Ulus. 
“Thomas Alva Edison/' Addresses delivered at the Presenta- 
tion of the Congressional Medal, Oct. 20, 1928, Illus. 
“Recollections of Edison,” by D. T. Marshall, Christopher Pub. 
House, Boston, 1931, 117 pp.. Ulus. 
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BV ROI^LIX THOMAS CHAMBERLIN 


THE ANTECEDENTS 

The Chamberlain family has been traced back to the ancient 
Norman counts of Sankville, knights from which stock took an 
active part m the conquest of England under William the Con- 
queror and w^ere repaid for their services with large estates in 
the counties of Gloucester, Oxford, York, and Warwick. The 
founder of the family of Chamberlain in England, as an inde- 
pendent branch of the house of Sankville in Normandy, is said 
by some to have been Richard, ‘‘Grand Chamberlain"’ to King 
Stephen, who assumed his surname from his office.^ According 
to another account, it was the Count of Sankville, chamberlain to 
King Henry the Second, who gave rise to the name in 1 1 54 

In the early days of the American colonies several members 
of the Chamberlain family emigrated from England to the new 
country, among whom was Henry Chamberlain, who came to 
Hmgham, Massachusetts, in 1638 from the parish of Hingham, 
County Norfolk, England, having crossed the Atlantic in the 
ship “Diligent,” with his wife, his mother, and his two children. 
He was one of many who, under the leadership of the Rev. Robert 
Peck, fled from the religious persecution in England at that time. 
Later this branch of the family was engaged in ship building in 
New England. One member, Joseph, grandfather of Thomas 
Chrowder Chamberlin, went to North Carolina in the interest 
of the family's business, married Sarah Cartwright, and settled 
there. Ten of their children lived to maturity and evidently pros- 
pered, for the Chamberlains are said to have become the richest 
and most prominent family of Camden County, North Carolina. 
The second son, John, became convinced early that the system 

^ During- the succeeding centuries over twenty variations in the spelling 
of the name came to be recognized in England. 
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of slaver}", which played an important part in the plantation life of 
the time, was an evil one^ and because of his strong feeling on 
the subject he left the slave-holding region for the newer country 
farther west He traveled through Tennessee to Palestine, a small 
settlement on the Wabash River in Illinois It was here that he 
met and married Cecilia Gill, a girl of Scotch descent who was 
born at Lexington m the Blue Grass region of Kentucky. Shortly 
after their marriage they moved about sixty miles westward. 
There, on the crest of the Shelbyville terminal moraine, a few 
miles southwest of the site of the present city of Mattoon, were 
born the three oldest boys — William Fletcher, John Nelson, and 
Thomas Chrowder. In this geologic setting, prophetic of his 
later interests, Thomas appeared on September 25, 1843. 

THE BEGINNINGS 

When Thomas was about three years old, the family started 
on a long journey to the wheat country of Wisconsin, traveling, 
as was the custom of the time, in two “prairie schooners/’ and 
camping many nights on the lonely prairie. Family tradition has 
it that the boy learned his letters on the way. When they reached 
Beloit, a small settlement just over the Illinois-Wisconsin state 
line, they found land to their liking and located near a grove on a 
ridge about four miles northwest of the village The ridge-top 
above the rolling prairie was a stimulating environment for the 
development of a naturalist, for myriads of the now extinct 
passenger pigeons and countless other birds, each year migrated 
northward and southward and were set forth sharply on the 
black stubble left by the fall and spring prairie fires. Often at 
night wolves came up to the picket fence that surrounded the log 
cabin and quarreled with the dog till a blast from the old flint-lock 
shotgun scared them away. 

One of Thomas’ earliest remembrances was that of his father 
telling of the “laying of the corner stone/’ a matter which im- 
pressed the boy deeply, though he had not the slightest notion 
of its meaning. It referred to the founding of Beloit College, in 
1847, ^ institution that had a profound influence on the boy in 
later years. When he was a ^mall boy of eight a rather prophetic 
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incident occurred. One rainy day when Thomas and his two 
older brothers were pla\ing together, one of them asked in fun 
what Thomas was going to do when he grew up. Thomas came 
back quickly with the reply * ‘T'm going to school till I can teach 
the best school in the state,’^ at which the brothers laughed until 
Thomas became embarrassed His father caught the answer and 
said, Boy, don’t you back out. Stick to it !” And Thomas stuck 
to it. 

From the original log cabin the Chamberlin family progressed 
to a more modern farm house which they built about a mile 
away When as a helper to the two older boys, Tommy quarried 
rock from an outcrop of Trenton limestone he debated with his 
brothers how the great ‘"snakes” (portions of orthoceratites ) 
could have gotten into the layers of rock and turned to stone. 
It W2LS easy to see how they got dowm the crevices, but how could 
they get in between the layers where the boys found them? So, 
too, in digging sand for mortar, they found clay pebbles that 
were soft and could be broken with the fingers. They easily 
decided that these clay masses were young growing stones that 
had not yet hardened This was the first school of geology the 
boy attended, and his only textbook was Nature’s own, written a 
long time before. 

In the course of time, two younger sons, Joseph Hanson and 
James Alexander, appeared in the Chamberlin family circle. The 
father, by preference a Methodist minister, by necessity a farmer 
as well, was known as a “circuit rider” because of his practice of 
riding around to several different meeting places each Sunday to 
preach. In time, this overtaxed his strength and eventually under- 
mined his health. Though of limited academic education, he was 
an incisive thinker and reader m theological-philosophical hnes, 
strict in his views, and greatly given to argument on religious 
subjects. He was regarded as abler than any of his boys and was 
long remembered locally as a man of exceptionally clear speech 
and systematic ideas. Thus the sons grew up in an atmosphere 
of serious and sharp debate in theology and philosophy. 

In succession the five Chamberlin boys, Fletcher, Nelson, 
Thomas, Joseph, and James, entered Beloit College, The cur- 
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riculum was wholly prescribed, modeled on the classical courses 
of the colleges of New England, and on that of Yale in particular. 
In large part the course was Latin, Greek, and mathematics, 
though containing some history, philosophy, and science. 
Thomas was most deeply interested in philosophy and mathe- 
matics. Geology he faced with the attitude of a skeptic, for it 
did not at all agree with his theological beliefs He determined 
to investigate the subject in order to show that his theology was 
right and that the geologists were wrong So thorough were his 
investigations that, instead of convincing the geologists of their 
errors, he convinced himself of the truth of their contentions 
When, at the end of the term, he went to his professor to find 
out his standing in the class, the older man turned and, with a 
twinkle in his eye, said : “Well, Chamberlin, would you like to 
know who stood next ?’' With this encouragement, Thomas be- 
came even more interested than before in the subject of geology 

On graduating from Beloit College, in 1866, Thomas Cham- 
berlin was engaged as principal of the Delavan (Wisconsin) 
High School in which he had been preceded by men of more than 
ordinary ability and success. The situation was, therefore, highly 
stimulating to his work. He soon came to feel that the course 
of study was too narrow and barren to give the young men and 
women what they ought to know as an equipment for life, par- 
ticularly in respect to the earth, and the heavens, and to the great 
events of the past. So he introduced a series of lecturettes on 
elementary phases of geology, astronomy, and other natural 
saences, and occasionally on fine afternoons he took his stu- 
dents on field trips to explore the wonders of the out of doors 

In 1867 Thomas married Alma Isabel Wilson of Beloit, 
whose gentle, cheerful nature was the basis for the happiest 
home life and who until her death in 1923 was a great inspira- 
tion to him. Many of his early notes and manuscripts are in her 
clear, beautiful penmanship. 

Since his equipment for teaching the innovations which he 
was introducing was very meagre, Thomas felt keenly the need 
for a broader foundation in natural science. He also foresaw 
the coming wave of scientific development. In 1868, therefore, 


310 



THOMAS CHROWDER CHAMBERUN* — CHAMBERLIN 


he and his young wife went to Ann Arbor for graduate study 
in science at the University of Michigan, w^hich seemed to offer 
its learning for the least money In 1869, after a year spent 
on a wide range of studies, including some work in geolog\ 
under Alexander Winchell, young Chamberlin was called to the 
“settee’' of the natural sciences in the State Xormal School at 
W’hitewater, Wisconsin. Though his field included all the usual 
sciences listed, by concentrating his study on one science after 
another during a period of two or three years, he became 
qualified to teach all of them to the extent required for his 
pupils. 

It was here at Whitewater, w'hile inspiring eager young minds 
with an uncommon enthusiasm for the phenomena of Nature, 
that he first found himself In 1920, as a mature scientist, he 
wrote to his old pupil, Professor L C. Wooster of the Kansas 
State Normal School, the following brief letter: “I still look- 
back upon the beginning of my work at Whitewater as among 
the halcyon days of my life. To be sure, it was a stage of small 
attainments, but it was as full of endeavor to get on and get 
more that was worth while as any later days, and the fruits 
were just as sweet, for no fruits are perfect They are merely 
pabulum on which to grow/' 

Of the results let one speak who came shortly after Professor 
Chamberlin left Whitewater.^ 

“When I first entered the school I found that it had a decided 
bent toward natural science. All the other departments were 
overshadowed by the predominance of this The opinion of the 
teacher in natural science, even on Latin roots, was more highly 
esteemed than that of any other teacher in the school. Because 
of this prevalence of the scientific spirit, many a student re- 
ceived such an impulse toward the natural sciences that it de- 
veloped into a passion, and gave direction to his future career 
There has been a larger number of the earlier graduates of this 
school who have become teachers of science, or who have given 
unusual attention to some branch of it, than from any of the 

^ Prof Lewis H. Clark, ’7g Reminiscences of the FaculW Historical 
Sketches of the First Quarter- Century of the State Normal School at 
Whitewater, Wisconsin, 1868-1893, p. 51. Madison, 1893. 
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other normal schools I need but mention Professor King of 
Wisconsin University, Professor Salisbury of Chicago Uni- 
versity, Professor Ewing of River Falls Normal School, Pro- 
fessors Culver and Buell of Beloit, Professor Wooster of 
Kansas, in evidence of this. I have thought that this was due 
to the fact that Professor T C. Chamberlin was one of the 
earliest teachers of natural science in this school and made his 
department first m the esteem of the students.” 

THE GEOLOGICAL SUR\’EY OF WISCONSIN 

In the spring of 1873, Governor C C. Washburn signed a bill 
providing for a complete geological survey of Wisconsin and 
appointed T. A Lapham chief geologist and Roland D. Irving, 
T. C Chamberlin, and Moses Strong assistant geologists To 
Chamberlin was assigned the southeast section of the state. The 
iron deposits lay in the central and northern sections, the lead 
and zinc deposits in the southwestern corner. The member of 
the legislature who, under Chamberlin’s stimulus, had been most 
active m procuring the passage of the bill which established the 
Survey, on learning of the appointments of others to the mineral 
regions, said pointedly: “Mr. Chamberlin, you are shelved 
What is there to be found in southeastern Wisconsin?” In 
reality, there seemed to be little more than the well-known early 
Paleozoic beds, covered up deeply with glacial drift The appar- 
ently unpromising area practically forced Chamberlin to become 
a student of glaciation, and it was his studies in this field that 
eventually led him into the fundamental problems of geology 
and cosmogony. 

From 1876 to the completion of the Survey in 1882, Cham- 
berlin was chief geologist, instructed by the legislature to per- 
form a task the comprehensiveness and difficulty of which may 
be gathered from the words of the enactment (Chapter 121 of 
the Laws of 1876) : 

“The people of the State of Wisconsin, represented in Senate 
and Assembly, do enact as follows: Section i. That in the 
preparation of his final report, the chief geologist be, and he is 
hereby, authorized to collate the general geology and the leading 
facts and principles relating to the material resources of the 
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State, tog'ether with practical suggestions as to the methods of 
detecting and utilizing the same, so as to constitute the material 
for a volume suited to the wants of explorers, miners, land 
owners and manufacturers, who use crude native products, and 
to the needs of the schools of the State, and the masses of 
intelligent people who are not familiar with the principles of 
geology ; said volume to be written in clear, plain language, with 
explanations of technical terms, and to be properly illustrated 
with maps and diagrams, and to be so arranged as to constitute 
a key to the more perfect understanding of the whole report.” 

The Survey, and particularly the chief geologist, had a hard 
task to perform. At that time the physical difficulties alone of 
so comprehensive a survey were enormous; the time allotted 
short ; the legislature had to be cultivated for appropriations, and 
a capable group of collaborators had to be assembled and di- 
rected. Then, as always throughout his career, Chamberlin 
gathered around him able associates, among whom were Irving, 
Strong, Wright, Pumpelly, Sweet, Brooks, Whitefield, Wight, 
Wooster, King, Van Hise, and Salisbury. It was a time of great 
activity for the State Geologist, yet in the midst of these labors 
he served also part of the time as professor in Beloit College, 
and gave short courses of lectures on the relations of science and 
religion to audiences which filled the Second Congregational 
Church of Beloit. 

That the Survey was strikingly successful is evidenced by the 
four grand volumes, “Geology of Wisconsin,” in the last of 
which to appear (Volume I, 1883) the State Geologist carried 
out in remarkable fashion the difficult requirements imposed by 
the legislature. These volumes even today are highly prized by 
the people of Wisconsin and, as models of pioneer geologic 
research and of clear unfolding of the geology of a state, still 
stand without a peer.® 

Chamberlin^s scientific contributions ranged widely through 
many fields, but none was more characteristic of the man than 
the unraveling of the origin of the glacial deposits, the lead and 
zinc ores, and the Silurian coral reefs. Though “the survey in 

®C. K. Leith, Chamberlin’s Work in Wisconsin. Jour, of GeoL, Vol. 
XXXVII (1929), p 201. 
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the seventies swept over the Pleistocene formations and those 
that underlie them at the rate of about 4,000 square miles a 
year/’^ Chamberlin’s early studies of the Wisconsin Kettle 
Moraine were so outstanding as to win speedy recognition by 

geologists In 1878, he went to Europe to present his results 

at the International Geological Congress in Paris and to study 
the workings of existing glaciers in the Alps. Upon returning 
to Wisconsin, he soon came to recognize that the prominent 

kettle moraine crossing the state in louped festoons divided an 

area of later glaciation from that of an earlier one. He thus 
recognized that the problem was more complex than he had 
supposed and that it reached beyond the scope of a single state 
survey. 

Soon Chamberlin’s Wisconsin glacial studies merged into the 
broader investigations which he started when he was appointed 
Chief of the new Glacial Division of the U. S, Geological Sur- 
vey. Glacial studies at that time were somewhat further ad- 
vanced in Europe than on this side of the Atlantic, but the 
penetrating examination of the unsurpassed glacial records left 
in the Upper Mississippi Valley soon placed American glacial 
investigations on strong, independent foundations and led to 
the important later developments. 

Who can read the 200 pages in Volume IV, Geology of Wis- 
consin, upon the lead and zinc ores of the state, without realizing 
that here is a remarkable piece of work ? The technical descrip- 
tions are rich in their fullness of significant details, and clear, 
lucid, and literary in diction, but the competent reader is most 
deeply impressed by the fertility of Chamberlin in framing and 
evaluating the possible hypotheses for the origin of the deposits. 
The ‘'method of the multiple working hypotheses” is already 
being used. Hypothesis after hypothesis is tested with thor- 
oughness and rejected because of its inconsistency with im- 
portant facts. The favored view is discussed fully, carrying 
along several alternative sub-hypotheses, some one of which, or 

*T. C. C : Preface to the “Quaternary Geology of Southeastern Wis- 
consin,” by W. C. Alden, U. S. Geological Survey Professional Paper 106 
(1918), p. 13. 
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some combination of which, seems likely to loom large in the 
ultimate explanation when that stage shall be reached. The 
conclusions have been called daring in conception, and so they 
may seem, but they were the result of a far-seeing vision guided 
by rigorous logic and a mastery of the facts and principles 
involved. They have seemed daring largely because transcend- 
ing the ordinary. 

Chamberlin believed that the lead and zinc salts were carried 
to their present position in solution in descending meteoric 
waters which had obtained them from a more disseminated 
distribution in the Ordovician strata of the region. A zone of 
oxidation lay near the land surface. Below was a zone of 
“sulphuration’" in dose relation to shales so rich in bituminous 
matter that a fragment can be ignited with a match. Here oc- 
curred precipitation of the sulphides. Referring to the impor- 
tant percolating waters, he wrote: “That from the zone of 
oxidation carries in the metallic salts in solution while, below, 
there enter sulphureted waters and the two, mingling, deposit 
the ore.”® 

That some experts in ore deposits, coming later, attributed 
these ores to ascending hot solutions, worried him little, for he 
had great confidence in the essential correctness of his early 
work and he explained in a decisive way why the later interpre- 
tations seemed to him untenable. In fact, he himself had already 
discussed these alternative possibilities with great pains and 
rejected them in his original report. 

In Volume II the peculiar dome-like structures in the Niagara 
limestone at Racine, Wauwatosa, Waukesha, and several other 
places in southeastern Wisconsin were minutely described and 
boldly interpreted as ancient coral reefs.® Fifty years later, 
Cummings and Shrock paid the following tribute to this truly 
surprising work : “Wisconsin has the honor of being the State 
in which the pre-eminent Chamberlin first accurately described 
ancient reef structures in America. His diagrams and descrip- 
tions (1877) leave little to be desired, and he correctly distin- 

® Geology of Wisconsin, Vol. IV, p. 550. 

® Geology of Wisconsin, Vol. II (1877), pp 351 - 371 - 
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guished both the reef and inter-reef lithologic facies and distinct 
faunas.”^ This remarkable diagnosis was several decades ahead 
of its time. Many other geologists throughout the whole span 
of years since 1877 have seen much of these prominent struc- 
tures in Wisconsin, Illinois, Iowa, and Indiana ; but lacking the 
daring imagination necessary for correctly explaining the va- 
rious phenomena on exhibition, they have remained either baffled 
or incredulous of the reef interpretation. 

Chamberlin made many more important contributions than 
that of describing and diagnosing the Niagaran coral reefs, but 
no single achievement seems more amazing than this early ad- 
vance into the unknown. The training of the young State Geol- 
ogist had been limited; he had traveled but little and at that 
time (1877) had never seen the ocean. Moreover, these qua- 
quaversal structures were to him but minor features in a rapid 
survey of a large state. Only the true instinct of superior genius 
could have enabled him in those days to interpret correctly phe- 
nomena which have continued to puzzle geologists almost to the 
present time. Prophetic vision was the most outstanding char- 
acteristic of his mind, as was to be shown over and over again in 
later years. 

ON THE UNITED STATES GEOLOGICAL SURVEY 

In 1879, the United States Geological Survey was established 
with Clarence King as director, but the following year the direc- 
torship passed to Major J. W. Powell who reorganized the 
Survey into divisions. The success of the Wisconsin Survey, 
and particularly the character of its reports, had so strongly im- 
pressed Powell that he appointed Chamberlin to take charge of 
the glacial division of the Federal Survey. In transmitting this 
appointment on June 17, 1881, Powell gave the following in- 
structions : 

“The terminal moraine that enters the United States on the 
north border of the Territory of Dakota and stretches thence 

^E. R, Cummings and R. R. Shrock; Niagaran Coral Reefs of Indiana 
and Adjacent States and Their Stratigraphic Relations Bull Geol. Soc. 
Amer., Vol. 39 (1928), pp. 579-620. 

316 



THOMAS CHROWDER CHAMBERLIN — CHAMBERLIN 


southward and eastward in sinuous course probably to the At- 
lantic will be the subject of your investigations tor the coming 
year. You will also study such collateral deposits as may be 
intimately associated with its histor}’. Your investigation should 
be devoted principally to that portion lying in the Territory of 
Dakota and to such other portions as have not hitherto been 
traced ; giving to still other portions the examination that may 
be necessary to determine the relations of the several parts and 
the proper delineation of the whole on the map."’ 

Thus commenced Chamberlin’s work as geologist in charge 
of the glacial division of the United States Geological Sur%^ey, 
which continued until 1904 concurrently with many other duties 
in the later years. Carr}nng out the original instructions from 
Major Powell, Chamberlin worked from Montana through to 
the Atlantic coast. That there was an old glacial drift and a 
younger glacial drift, which in general did not reach so far 
south as the deposits of the earlier glaciation, he was quick to 
recognize, and he made it his task to trace the border of the 
younger drift across this great stretch of country. Others be- 
came associated in this work . J. E. Todd, in Dakota and Iowa ; 
Warren Upham, in Minnesota; L. C. Wooster, in Michigan; 
and R. D. Salisbury, in New York. Earlier work in Pennsyl- 
vania by H C. Lewis and G F. Wright; in New Jersey, by 
G. H. Cook and J, C. Smock; and on Long Island, by W. W. 
Mather also aided much in the project. But the geologist in 
charge personally worked out long stretches of the chain, went 
over other links with his associates, and coordinated the whole 
into a comprehensive, well-considered report entitled “Prelim- 
inary Paper on the Terminal Moraine of the Second Glacial 
Epoch,” which appeared in 1883 in the Third Annual Report 
of the United States Geological Survey. 

Though ever scrupulously careful to give full credit to the 
work of others, it is apparent that the published report is very 
largely based on the observations and interpretations of the 
geologist in charge. Yet so rapidly were these studies completed 
that the finished report of 107 quarto pages iJvras submitted by 
the director of the Survey to the Secretary of the Interior as a 
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part of the Third Annual Report on July i, 1882, scacely a year 
after the assignment of Chamberlin to the task. The several 
maps cover the entire glaciated portion of the United States east 
of Montana, delineating the outer limit of the old drift, the limit- 
ing terminal moraine of the young (Wisconsin) ice advance, 
together with the directions of ice movement within the area of 
the young drift Many refinements have since been made in 
the mapping and we now know that there were four main drift 
sheets instead of two, but “the importance of this paper was 
very great at the time of its publication.”® 

The Fifth Annual Report (1S83-84) contained one of the 
classics of geological literature, “The Requisite and Qualifying 
Conditions of Artesian Wells,” by T. C. Chamberlin. Artesian 
wells had been explained by French and English geologists many 
years earlier, but there had been no comprehensive analysis of the 
principles involved to compare with this for practical value. It 
was one of those publications of broad, fundamental principles 
and wide application for which the earlier years of the United 
States Geological Survey were notable and which built up the 
prestige that the Survey came to enjoy. 

The Sixth Annual Report (1884-85) includes a joint paper by 
T. C, Chamberlin and R. D. Salisbury entitled “The Driftless 
Area of the Upper Mississippi.” Within its 118 pages the 
reader finds a clear delineation of the characteristic features of 
the driftless area, compared and contrasted with the dominant 
features and peculiarities of the adjacent glaciated tracts. There 
is also an incisive treatment of the residual products of rock 
weathering characteristic of this area free from glacial scouring. 
A masterful discussion of the loess and its problems will also 
impress the reader ; but what will strike him most is, no doubt, 
the thorough-going philosophical handling of the detailed prob- 
lems, large and small, which combine to make the full story of 
the driftless area. Many of the conclusions were frankly stated 
to be tentative, some questions were left open for further de- 
velopment of knowledge, and for some of them the authors later 

® W C Alden ; Thomas Chrowder Chamberlin^s Contributions to Glacial 
Geology. Jour, of Geol, Vol. XXXVII (1929) p. 299. 
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modified their views ; but as a study in the methods of scientific 
investigation where the problems are complex, this report will 
make stimulating reading for a long time to come* 

At that time Baron von Richthofen’s eolian hypothesis of the 
origin of the loess was contending with the more generally ac- 
cepted theory of aqueous origin. In the Driftless Area report 
each hypothesis was confronted with the facts presented by the 
loess of the Mississippi Valley, and the strong points and weak- 
nesses of each were critically discussed. The aqueous hypoth- 
esis met a great difficulty in accounting for the widespread waters 
required by the distribution of the loess. In their thorough can- 
vass of the possibilities, the authors considered ice dams which 
might have ponded waters over the loess region ; and they en- 
listed the services of R. S. Woodward to consider mathematically 
the possibility that the attraction of the ice sheets by tilting the 
w^ater level changed the drainage so as to furnish the requisite 
conditions for loess deposition in spite of the lowering of sea 
level by abstraction of water to furnish the ice of the continental 
glaciers. They considered also the possibility of crustal de- 
formation due to weighting by the ice burden, and other causes. 
In the end they came very near to, but did not quite reach, the 
complete interpretation of the loess of this region as glacio^ 
fluvial silts swept up by winds from floodplains of streams from 
the melting ice and deposited widely. This theory, as set forth 
by the senior author in 1900, has hardly been improved upon by 
thirty years of subsequent study. 

The assigned reasons for the driftless area in this location 
stand today just as they were outlined in the ‘^Sixth Annual 
Report.” To one familiar with the peculiar situation of the 
driftless area between tongues from the Labradorean and Kee- 
watin ice sheets and with the well-known “J^L^din,” in the 
Talefre basin of the French Alps near Chamonix, the poetical 
finishing sentence of the report is singularly full of meaning, 
“Diverted by highlands, led away by valleys, consumed by 
wastage where weak, self-perpetuated where strong, the fingers 
of the mer de glace closed around the ancient Jardin of the 
Upper Mississippi Valley, but failed to close upon it.” 
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'The Rock- Scorings of the Great Ice Invasions” was a notable 
contribution which came out in the “Seventh Annual Report” 
(1888) after its author had become President of the University 
of Wisconsin, In an exhaustive study of the phenomena of 
striation, plucking, grooving, fluting, chatter marks, crescentic 
gouges and polishing, the records left on rock surfaces by gla- 
ciers were described and interpreted, and the inferences de- 
ducible from them as to the nature of glacier movement and its 
effects on underlying surfaces were developed in detail. Today, 
perhaps, we may be inclined to regard these features as of minor 
importance ; certainly they were very simple compared with the 
profound philosophical studies into which the author was led 
in his later years. Yet his powers of observation and analysis 
and his capacity for taking pains are here revealed just as truly 
in this handling of small problems as in anything which he ever 
did. The accompanying glacial map of the United States, por- 
traying the area of the earlier drift and that of the later drift, 
with the directions of striae for the eastern half of the country, 
records faithfully the state of knowledge in 1886. 

The period of Chamberlin’s greatest activity on the Survey 
closed in 1887 when he went to Madison to take up executive 
work as President of the University of Wisconsin. The heavy 
administrative burdens at Madison, and later the increasing di- 
versity of interests at Chicago, left much less time for active field 
work, but by means of frequent conferences he continued to 
direct the work of the glacial division. He had trained several 
of his colleagues in these investigations, giving them the working 
criteria which they carried out with fidelity and painstaking care 
under his leadership. Thus it is, perhaps, only fair to state that 
much of the constructive synthetic thought and general interpre- 
tations which appeared in the glacial publications of the United 
States Geological Survey up to his retirement from general 
charge of the division in 1904, and for several years thereafter, 
were due directly or indirectly to T. C. Chamberlin. 
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PRESIDENT OF THE UNIVERSITY OF WISCONSIN 

In the spring of 1885 Chamberlin had been offered tentatively 
the presidency of the University of Wisconsin, but he preferred 
to continue in his chosen field of geology A second approach 
met with no more favorable response The Board of Regents 
of the University, however, continued to press him, urging that 
the State of Wisconsin had given him his start and that his duty 
to the state lay in accepting the presidency This to him was 
indeed an appeal hard to resist, and he was formally elected to 
the office by the Board of Regents on June 23, 1886. A full 
year, however, was granted for completing as much as possible 
of the Survey work. 

When Chamberlin became President of the Umversity of 
Wisconsin, in the early fall of 1887, it was still essentially a 
college. President Bascom had been a remarkable teacher and 
had brought from Williams College much of the spirit and tra- 
dition of a New England college. But a new type of educational 
institution was then coming mto prominence with Johns Hop- 
kins and Cornell as conspicuous leaders. The new president was 
young, vigorous, full of ideas, to a certain extent self-made and 
unhampered by tradition, and quick to see the best in new de- 
velopments, The situation at Wisconsin was then favorable 
for educational advancement. New buildings to take care of 
the more pressing needs had recently been provided. Various 
other desirable but less urgent improvements could wait. 
Promptly and boldly he seized the opportunity to initiate a rad- 
ical reorganization of the university. 

So well has the nature of this reorganization been presented 
by Pyre in his excellent book on the Umversity of Wisconsin 
that one can hardly do better than to quote extensively from it : 

‘The University of Wisconsin is in that transitional period 
in which it is easy to go either backward or forward,^ wrote John 
Bascom, in his farewell Report to the Board of Regents. There 
was no doubt of the direction which President Chamberlin chose 
to pursue. With clearly defined purpose, he set about advanc- 
ing the institution to a university basis. More distinctly than 
any predecessor he understood the university in three dimen- 
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sions. He saw at once the opportunity to extend it both in 
area and in depth. More distinctly than any predecessor, 
also, he grasped at once the triple function of the university, 
that of undergraduate and professional instruction, that of 
original investigation combined with graduate teaching, and that 
of “university extension,” or popular dissemination of the es- 
sentials of advanced knowledge. Of these, the distinctively 
university function, he saw, was that of individual research and 
leadership in original study, and his dominant interest was in 
the development of the institution in this plane. But before 
this could be accomplished in any notable degree, the spirit of 
investigation must be conveyed into the undergraduate courses 
so that they might lead up naturally, not in information only, 
but in method, to work of the distinctive university type. In 
lateral extension of the curriculum, therefore, favor was shown 
to subjects of study which lent themselves to modern methods 
of investigation and teaching ; or which, as, in the technical de- 
partments, were most forward in the application of science to 
industry. Of several departments established at this time, it 
could be said, and was, that their counterparts had not pre- 
viously existed in any university. In order to facilitate all of 
these activities it was desirable that the university should be 
organized on a more logical and workable plan.^'® 

At that time the Agricultural College was an experimental 
station with an occasional student. The Engineering School had 
departments, and the last years of the engineering work were 
separated from the general scientific work of the college. On 
the other hand, the College of Letters and the College of Arts 
overlapped. The nominal divisions of the University did not 
coincide with the actual alignment of interests. Quoting again 
from Pyre : 

“Accordingly an act of legislature was procured in 1889, 
whereby the old organization was abolished and the University 
was reconstituted into the four colleges of Letters and Science, 
of Agriculture, of Engineering, and of Law, All the depart- 
ments of pure knowledge and investigation, including the phys- 
ical sciences, were associated together in a single college, with 
complete autonomy as to its internal affairs ; each of the more 
powerful divisions of professional or applied knowledge was 
erected into an independent organization with which the central 

“ J- F. A. P3rre; Wisconsin (1920) pp. 258-259. 

322 



THOMAS CHROWDER CHAMBERLIN — CHAMBERLIN 


college might have such relations as should seem, at any time, 
reciprocally advantageous.”^® 

Thus commenced the system of organization now in operation 
at the State University. 

“The development of the special colleges constituted one phase, 
and an important one, of the transition from college to university. 
Equally fundamental were the changes wrought in the central 
College of Letters and Science. Here again the University is 
indebted to the initiative of President Chamberlin. Had he, in 
his sympathy with natural science, elected to give the institution a 
powerful impetus in this direction, it could not have been con- 
sidered remarkable. Nearly half a million dollars had just been 
expended by the State for the new group of science buildings and 
the nucleus of a strong scientific faculty had already been col- 
lected. The opportunity for a special development was obvious. 
Nothing in Chamberlin's administration, therefore, is more note- 
worthy than the largeness of spirit in which he set about to 
strengthen the humanities. But he saw with great clearness that, 
if the humanities were to be maintained in competition with 
science, they must be reanimated by an infusion of as much of 
the modem spirit as was compatible with their nature. ‘The 
remarkable advance which the natural sciences have made in 
recent years as educational factors,^ he wrote in his earliest 
Report, ‘has been dependent very largely upon the laboratory 
and field methods which have given them vitality and effec- 
tiveness. Parallel methods in other departments of study un- 
doubtedly mark a coming era of vigorous growth and com- 
manding influence.’ 

“For the purpose of permitting greater concentration, con- 
tinuity, and thoroughness in the leading lines of study” the 
Group System was installed, whereby the first two years of the 
undergraduate work were devoted to the acquisition of a general 
education through a basal group of required subjects, to be 
followed in the junior and senior years by a “major” line of 
study. The latter was introduced not as a requirement, but as 
optional. The student was free to follow what was called the 
Course System, which was substantially what the University had, 
or he could follow the Group System in which he would con- 

Pyre : op. cit. p. 259. 

^Pyre: op. cit. pp. 280-281. 

” Pyre : op. cit, p. 282. 
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centrate his work more and more in the last two years of the 
course. The announced purpose of this system was “to introduce 
university methods, in the modern sense of the term, more 
largely m the undergraduate college course, and so prepare the 
way for the better development of graduate work.” 

‘'Then he hoped to concentrate the informational aspects of 
education, the part of education which consists in accumulating a 
reasonable amount of handy information that belongs to a college 
man, by a system of short lecture courses known as Synoptic 
Lectures It was a fine idea, and about the only phase of his work 
that has never been adequately developed. If he had stayed here, 
he would probably have developed that, but it took a genius 
and a great deal of energy to develop an idea so novel. The 
modern form of it appears in numerous orientation and adjust- 
ment courses that we see in colleges, none of which looks as at- 
tractive in many ways as Chamberlin's original ideas.” 

“The introduction of the Group System necessarily had two 
effects. One was that it brought about the introduction of a 
considerable number of elective studies for the advanced under- 
graduate students, and the other that it led inevitably to the con- 
tinuing of this advanced work as graduate study; so that the 
next thing which Chamberlin did was to begin the formal de- 
velopment of graduate study. He did that in three ways ; in the 
first place, by encouraging the offering of courses ; in the second 
place he established graduate fellowships for the first time in the 
history of the University; and in the last year of his adminis- 
tration he organized the School of Economics, Political Science, 
and History, and brought Dr. Richard T. Ely from Johns Hop- 
kins here to head it ; and that was very definitely to have graduate 
study as the primary object. Of course this movement toward 
graduate work antedated the founding of the University of 
Chicago, and I do not believe that any university in the Middle 
West was moving specifically toward graduate study in the way 
that we were during the early part of Chamberlin's adminis- 
tration.” 

He found a strong faculty when he came, and he added greatly 
to it. Very early he called Joseph Jastrow from Johns Hopkins 
to undertake the establishment of a laboratory of psychology. 
At that time the only well-established psychological laboratory 

^®Pyre: op. cit. p 283 

^*Oral statement of C. S Slichter to J. V. Nash, Dec 18, 1928, 

“ Oral statement by E A. Birge to J. V. Nash, Dec, 18, 1928. 
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was at Johns Hopkins, though the year before Cattell had 
started his work at the University of Pennsylvania. This inno- 
vation at Wisconsin was not only the first of its kind in the 
^Middle West, but also the first connected with a state university. 
Other advances soon followed : “Wisconsin was the first state 
in America to give a short course in Agriculture in her university. 
It had for its purpose the calling of young men from the farms 
to iladison during the winter months and training them so they 
could pursue a line of farming which would be more remunera- 
tive and on a much higher plane than that which then existed 
in the state.” It was largely through President Chamberlin 
that this course became a reality. 

One of Chamberlin’s early students at Whitewater Normal 
School had been Franklin King, w^ho would have been dropped 
from the school for unsatisfactory work but for the insistence 
of his natural science teacher, who saw promise in him. Later 
at Madison he appointed King to a professorship in agricultural 
physics — ^the first chair of that kind in existence. Even to this 
day (long after his death) the work of King is recognized the 
world over. “When Sir John Russell, of the Rothamstead Agri- 
cultural Station in England, visited Wisconsin he put first the 
work in soil physics started by King.” 

Building up the School of Engineering was a project into which 
Chamberlin threw himself with much enthusiasm. For this he 
gathered together a very eminent staff, only to lose several of 
them to Leland Stanford University just before he himself went 
to Chicago. President Jordan was said often to have remarked 
that he waited to see who Chamberlin called to his faculty and 
then took them away with higher salaries. The disappointment 
over losing the pick of his engineering staff was a factor in Cham- 
berlin’s accepting the Chicago post. 

In his last year at Madison, Chamberlin launched another 
bold project. Recognizing that no university can be great in all 
lines of thought but should concentrate upon certain selected 
lines, he decided to emphasize economics, political science, and 

“ Ransome A. Moore: Hoards Dairyman. October lo, 1928, p. 876. 

C. S. Slichter : Statement to J. V. Nash. December 18, 1928. 
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history. Plans for a School of Economics, Political Science, and 
History were developed and approved by the Board of Regents, 
thus making it possible to give greater opportunities for graduate 
work and research within that unit than in the University as a 
whole. Because of the unusual opportunities offered for a power- 
ful development of graduate work, he was able to secure as 
director of the new school. Dr Richard T. Ely, head of the De- 
partment of Economics at Johns Hopkins University. Ely came 
to Wisconsin just as Chamberlin left for Chicago, but the new 
movement was already well under way and was destined before 
long to make Wisconsin great in economics, political science, and 
history. 

^'It was, however, characteristic of Chamberlin that he never 
‘played his work up’ so as to make his plans seem greater than 
they really were. He did not minimize their importance but he 
refrained even from indicating the results which the future might 
bring out of them. In this case he did not talk of founding a 
graduate school ; he knew that neither the State nor the Uni- 
versity was ready for such a movement. But just as he began 
his work at Wisconsin by encouraging graduate study through 
fellowships and by the offering of graduate courses in several 
departments, so the significant step which came at the close of his 
administration was the founding of this School which should be 
more specifically devoted to graduate study. 

“This developmental method marked all of his administration. 
Chamberlin very definitely united his forward movements to the 
past history and the present state of the University. He did not 
desire revolution either in fact or in form. He advanced the 
University along the lines of development which, as he saw, were 
those that belong to a midwestern state university and were 
equally those along which the University of Wisconsin was ready 
to move.” 

At Chamberlin’s final commencement in 1892, the University 
for the first time granted the degree of Doctor of Philosophy for 
graduate work pursued at the University, although the degree 
had been conferred, honoris causa, before. It is interesting to 
note that the first man to receive this degree was Charles R. 
Van Hise, later (1903-1918) President of the University. 

^ E. A. Birge : Statement to J. V. Nash. 
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In leading the institution along the path of progress from what 
was essentially a college into a university both in organization and 
in spirit, President Chamberlin had moved steadily forward in a 
series of successful achievements. His experience as State Geol- 
ogist had given him a wide knowledge and understanding of 
legislatures. He had come to know that in dealing with legis- 
latures ever3rthing is likely to go well at first, but that later the 
ship seems to scrape on the bottom. When that happened Cham- 
berlin knew exactly what to do, rather by figuring it out than by 
instinct, for he did not have the instinct of a politician. Under- 
standing the way in which things were likely to go, he was never 
surprised and did not have to improvise, which made him prob- 
ably the University's most successful president in getting appro- 
priation bills through the legislature. He knew likewise how to 
move in order to get measures through the faculty as well as 
through the Board of Regents. 

For all of the larger sides of administration, according to Dr. 
Birge, Chamberlin was a very exceptional man. But the very 
qualities which insured success in these larger affairs were a 
hindrance to him in many small matters. He was likely to ponder 
over petty matters as though they were important scientific ques- 
tions, whereas when a student wants to know whether he can be 
excused from class on Friday, so as to go home, he wants an 
answer, “yes” or “no,” right away. Minor details piled up on 
Chamberlin and worried him and made the administrative work 
more of a burden to him than it should have been. 

In 1891, when President William R. Harper was gathering 
together outstanding men for the faculty of the new University 
of Chicago, he chanced to learn that President Chamberlin might 
welcome a return to his scientific work, and he promptly offered 
Chamberlin the headship of the department of geology to be 
organized at Chicago. The opportunity seemed golden and Cham- 
berlin felt that he had earned the right to accept it. In five years 
as president he had fulfilled his obligations and duty to the State 
of Wisconsin by reorganizing the University and preparing it 
for an even more rapid advance to follow. With a deep feeling 
of relief at being free from the burdens of the University presi- 
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dency, he turned hopefully toward Chicago. He had been ''a 
pioneer in the educational field, who saw the possibilities which 
seemed visionary at the time, but which he fortunately lived long 
enough to see realized and justified The remarkable develop- 
ment of the University of Wisconsin which he lived to see in 
other hands justified his early anticipations ; and it was a particu- 
lar source of gratification to him that a part of this program was 
realized through the activities of Van Hise, whose career in 
geology, as well as his administrative policies, was so largely 
influenced by the example of his master, Chamberlin.” The 
work had been well done. “No quinquennial in the history of the 
University has yielded results greater, more permanent, or more 
beneficent,” wrote President Emeritus Birge.^° 

AT THE NEW UNIVERSITY 

President Harper gathered his faculty for the new University 
of Chicago from the four quarters of the earth Rarely, if ever, 
at the inauguration of an institution of learning, had there been 
brought together men of such varied academic experience and 
such diverse points of view. Chamberlin came because he wel- 
comed the relief from the burdens of administrative work, but 
despite the fact that he had resigned the presidency of the Uni- 
versity of Wisconsin, when it was in a flourishing state and in 
the face of a unanimous petition of the faculty and students that 
he should remain, in order to return to scientific research, he was 
unable to keep free from participation in the organization of the 
new University during its earlier years. He felt forced to accept 
for a time the deanship of a scientific section, the Directorship 
of the University Museums, and other duties in addition to the 
development of the Department of Geology. He became the 
acknowledged leader of those who urged greater freedom for 
the sciences and less requirements for the classics, though he 
favored the full development and free election of the latter. 

“Joseph Jastrow; Letter to J. V. Nash in 1928. 

“Historical Sketches of Beloit College. Edward Dwight Eaton (1928), 
P- 253. 
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In those days Latin and Greek were the backbone of a general 
college course, and on them the student was required to focus 
much of his attention. President Harper’s own scholarly achieve- 
ments (phenomenally great for so young a man) had been in the 
field of the classics, and he had had little contact with the growing 
field of science. The University of Chicago started with what 
seemed to Chamberlin an overemphasis on the classics He him- 
self in preparatory school and college had studied Latin for eight 
years and Greek for five Fully appreciating the classics, he was 
in no way opposed to their full development and the free election 
of these studies by those so inclined, but he did feel most strongly 
that, with the rapid extension of the domain of science, students 
entering the scientific fields were greatly hampered by excessive 
requirements of Latin and Greek. Thus started the memorable 
succession of debates in faculty meetings principally with Pro- 
fessors William Gardner Hale, of the Latin Department, and 
Paul Shorey, of the Greek Department, on “the Latin question.” 
The faculty naturally was divided in sympathy, and the contest 
was long-continued and severe. Science gradually emerged victor 
in this struggle, and the vigorous efforts of Chamberlin paved 
the way for the great expansion of the University in scientific 
lines 

The University inaugurated the four-quarter system, instead 
of the usual two semesters, and at the close of the Winter Quarter 
in 1893 Chamberlin gave the University’s second Convocation 
address. To add momentum to the movement which he was 
championing, he chose as his subject : “The Mission of the Scien- 
tific Spirit.” Two paragraphs of this address which introduce the 
scientific spirit may be quoted : 

“In the architecture of science, every beam is to be tested, every 
joint is to be put to trial Conjectures, assertions, opinions, cur- 
rent impressions, preconceived notions, accepted doctrines, all 
alike are pushed aside to give free scope to untrammelled induc- 
tion from carefully sifted evidence. The supreme endeavor is 
to present a disposition of fairness and openness to all evidence 
and all inductions. Whatever evidence demands, that it accepts. 
Whichever way the balance of evidence inclines, to that it leans. 
There is no resistance to the leadings of evidence, there is no 
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pressing of evidence to give it greater or less than its intrinsic 
weight. All lines of inquiry are pursued with equal zest. All 
phenomena are welcomed with equal cordiality. The mind opens 
itself on all sides to every avenue of truth with equal impartiality. 

'‘When demonstrative realities are brought forth they are em- 
braced to the exclusion of all else. They displace all preconcep- 
tions, all deductions from general postulates, all favorite theories. 
The dearest doctrines, the most fascinating hypotheses, the most 
cherished creations of the imagination or of the reason are cast 
aside that the new light may freely enter and illuminate the mind 
Previous intellectual affections are crushed without hesitation 
and without remorse. Demonstrative facts are placed before 
reasonings and before ideals, even though the reasonings and the 
ideals seem, from previous bias, to be more beautiful, to be more 
lofty, yea, even though they should seem for the time, until the 
clearer vision comes, to be truer. That which at the first seems 
absurd, that which for the time seems impossible, still ofttimes 
proves to be true in the light of a rectified vision of real relations. 
And so, the scientific spirit prompts to the acceptance of duly 
determined facts however they may accord with preconceived 
standards.’’ 

Farther on we read : 

'‘The most significant and prophetic fact in the history of 
material studies is the tendency to the dematerialization of matter. 
Starting with the common notion of the fixity, inertness, and 
passivity of matter, it was discovered, step by step, that activity 
was a more and more pervading and potential characteristic of 
all forms of matter from the atom to the falsely-fixed star. It 
was early discovered that some of the very elements of fixity 
were but expressions of motion. The gyroscope was a key that 
unlocked a wondrous treasure-house of hidden truth. As research 
advanced the functions attributable to fixed solid matter dimin- 
ished, until the greatest living English-speaking physicist felt 
warranted in advancing a kinetic theory of matter ; a theory which 
almost completely eliminates matter as ordinarily conceived, leav- 
ing only an ulterior, fluidal, ethereal entity — for I scarcely dare 
say matter — ^which has become a basal concept in modern ultra- 
physics. Vortices of intense, incessant, irrotational motion are 
conceived to be the real units of physical phenomena. Towards 
this view evidence and opinion seem tending. It is not demonstra- 
tive, but it seems a prophetic vision in the line of coming truth. 
And so it appears but a prolongation of intellectual perspective 
to anticipate the entire elimination of the current view of matter 
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as a true concept and the substitution therefor of inconceivably 
intense activity in a basal entit\^ whose characters are just be- 
^nning to disclose themselves. Certain at least it seems that the 
future concept of matter must have as its central factor inex- 
pressible intensity and refinement of activity. Certain it seems a 
picturing of the real constitution of matter must be antipodal to 
what we have inherited, must awaken higher sentiments and call 
forth the utmost resources of the true imagination.” 

This was in 1893; quite different was the view frequently 
expressed in the years immediately following, that ^'future ad- 
vances in physics will be largely in the fifth decimal place.” 

In turn there were treated biologic investigations, historical 
inquiries, science and volition, the new humanities, philological 
research, literary development and religious phenomena, to bring 
home to the university community a realization that the scientific 
spirit is ideally and truly a vital factor in all advanced human 
thought. 

'*The curtains of the heavens have been folded up and laid 
away as the garments of our children ; as things loved but out- 
grown. Olympus is gone. Milton’s Cosmos equally with his 
chaos is only a picture of the past. The richest imagery of all 
past literature has lost its power save as a glory of the past. And 
this simply because it was not true. The heavens are not as they 
were imagined. The beauty of thought does not make it true. 
The loveliness of thought does not make it immortal. Only the 
true is enduring. We shall still love these literary myths as 
marvelous products of days and conditions that are gone. They 
rightly teach us as all past life productions teach the appreciative 
soul Rightly viewed their value is even heightened by the very 
fact that their day is gone to return no more. The bone that lies 
in the gutter is a matter for the scavenger. The bone embedded 
in the Cambrian shales is beyond price. And so it is with the 
literature that marks the evolution of the thoughts and feelings 
of the ages. As products of the past their value is beyond esti- 
mate. As factors of present and future creations they have lost 
their potency,” 

With the beginning of 1893, three months after the University 
opened its doors to students, appeared the first number of the 
Journal of Geology. Its announced purpose was to serve as a 
medium of publication for the results of researches connected 
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with the department, to bring to the University and its con- 
stituency some of the products of leading geologists in this and 
other countries, and to be a means of intercommunication be- 
tween investigators throughout the world. The breadth of plan 
at the outset may be gathered from the imposing list of associate 
editors from outside the University — Archibald Geikie, Hans 
Reusch, Charles Barrois, Albrecht Penck, Gerard DeGeer, G. M. 
Dawson, O. A. Derby, Joseph LeConte, G. K. Gilbert, H. S. 
Williams, J. C. Branner, G. H. Williams, and I. C Russell. The 
opening article of Volume I was ‘‘On the Pre-Cambrian Rocks 
of the British Isles,” by Sir Archibald Geikie. Followed by other 
noteworthy contributions, reviews and editorials, the initial num- 
ber of the Journal, in spite of the scant time available amid the 
chaos of the University's first quarter, compares favorably with 
any later issue. 

To keep the Journal at the high level of its beginning imposed 
a severe task on the editor in chief, particularly in the earlier 
years. Contributions of desirable manuscript sometimes fell short 
of filling the numbers and more material was needed. A series 
of essays under the heading of “Studies for Students” was ac- 
cordingly inaugurated to fill gaps when required. To this series 
both Chamberlin and Salisbury contributed from time to time 
descriptive and expository studies which presented in model form 
the latest developments of knowledge and the best thought of the 
times along certain lines which they selected Though modestly 
addressed to students, some of these “studies” proved to be of 
lasting value. In this unpretentious series appeared “The Method 
of Multiple Working Hypotheses.” So steady has been the stream 
of requests for copies of this little essay during the thirty-four 
years since it first did its duty, that it has recently (1931) been 
reprinted in the Journal of Geology in its original form. 

Later, with the growth of the science, there was no shortage of 
manuscript and Chamberlin's own productions were oft held back 
to give precedence to the work of others. 
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PEARY AUXILIARY EXPEDITION TO GREENLAND 

Before Lieutenant Robert E. Peary left the United States in 
1893 on his third trip to Greenland in quest of the North Pole, 
he made arrangements for an auxiliary expedition to join him 
the following summer and furnish his party with additional sup- 
plies should it remain for another year’s work, or offer it a 
means of return should its work be finished. On July 7, 1894, 
the Peary Auxiliaiy’ Expedition, comprising Henry G. Bryant, 
commander; William Libbey, geographer; T. C. Chamberlin, 
geologist; Axel Ohlin, of Sweden, zoologist; Emil Diebitsch, 
civil engineer; H. L. Bridgman, historian; and H. E. WetheriU, 
surgeon ; sailed from St. Johns, Newfoundland, in the Falcon, 
a small but staunch sealing steamer specially fitted for ice work. 

Early on the morning of the 12th of July, Cape Desolation was 
sighted. The first glimpse of the topography of Greenland was 
full of suggestions. The coastal mountains were rugged in out- 
line and rough and angular in detail. Flowing contours scarcely 
entered into the general view. The dominant lines of sculpture 
ran in vertical rather than horizontal courses, and led to the 
inference that they owe their fashioning to the familiar meteoric 
agencies that work vertically rather than to the horizontal rasp- 
ing of ice flowing out from the Greenland ice cap. The bear- 
ing of this angular topography upon the problem of the former 
extension of the ice, and especially upon the broad question 
whether the ice sheet of Greenland once crossed the Baffin basin 
and became the source of the North American glaciation, as 
held by some geologists, at once presented itself and stimulated 
a careful scrutiny of the topography throughout the whole length 
of coast northward to Peary’s headquarters on Inglefield Gulf. 

As the Falcon steamed slowly northward it was found, how- 
ever, that angularity was not a universal feature, but that it 
alternated with very considerable tracts of flowing outlines of 
glaciated aspect. In fact, about one-half of the western coast of 
Greenland between Cape Desolation and Inglefield Gulf, a 
stretch of some seventeen degrees of latitude, presented angular 
and apparently unglaciated contours, whereas the other half 
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presented subdued outlines indicating former glaciation. North 
of Cape York, Chamberlin found two islands of such signifi- 
cantly different configuration, though composed of almost iden- 
tical gneissic rock, that they have since become the familiar text- 
book illustrations of a rugged conical island before and after 
an ice sheet has passed over it. Dalrymple Rock, near the Green- 
land coast about 77° north, is exceptionally jagged and rugose, 
with no signs of glacial abrasion either in its general configura- 
tion or in its surface details Quite in contrast are the Carey 
Islands out in the middle of North Baffin Bay, thirty miles to 
the west northwest, which have been worn smooth in outline. 
Striae on their scoured surfaces show glacier movement from the 
north coming from Smith Sound rather than from the Greenland 
coast. On Southeastern Carey Island were also found erratics 
of limestone, sandstone, shale, and quartzite wholly unlike any- 
thing seen in the islands themselves or known to occur on the 
mainland of Greenland to the eastward, but such as might ap- 
parently have come from the sedimentary series of Grinnell Land 
and the extreme northwestern coast of Greenland. The natural 
pathway of the ice bearing these boulders would be through Ken- 
nedy Channel, Kane Basin, and Smith Sound. But that ice did 
not extend as far as Dalrymple Island near the Greenland shore. 

Later a small driftless area was found near Peary's camp on 
Bowdoin Bay, indicating that the former glaciation in this re- 
gion did not extend greatly beyond the limits of the present 
glaciers. From these and other lines of evidence Chamberlin 
came to the conclusion that, although the ice of Greenland for- 
merly extended somewhat beyond its present limits, it did not 
have any great amplification during the glacial epoch, at least in 
a westerly direction, Greenland was not the source of the vast 
ice sheets which spread over much of northern North America 
during Pleistocene times, as many had previously thought. 

After many struggles with the Baffin Bay ice pack, at times 
following narrow lanes of open water amid the floe ice, at other 
times crashing full speed into the ice to split it asunder, the 
Falcon, on July 25, reached Murchison Sound, the northern en- 
trance to Inglefield Gulf. Peary's headquarters were at the 
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head of Bowdoin Bay some thirty-five miles up the Gulf, but the 
ice pack was late in breaking up that summer and a week elapsed 
before the camp was finally reached. 

In their attempt to cross the great ice cap to the northern end 
of Greenland, Lieutenant Peary *s party had encountered a suc- 
cession of terrific storms, w^hich, together with the death of 
many of the dogs drawing the sleds, had forced a return to the 
base camp and the abandonment of the project for the year. 
x\lthough most of his party were greatly discouraged, Peary 
himself was undaunted and decided to pass another winter on 
Bowdoin Bay with a few of his stouter-hearted companions and 
to try again to cross the ice in the following spring. x\fter un- 
loading its supplies the Falcon left for three weeks of explora- 
tion along the coast of Ellesmere Land, before starting back 
south. Chamberlin thus had three weeks for a study of the 
glaciers of the neighborhood under a never-setting sun. 

The results of this strenuous work have been presented as 
“Glacial Studies in Greenland,” in the Journal of Geology; in 
his presidential address before the Geological Society of Amer- 
ica in 1895, and later in more scattered form in textbooks. 
Glaciers in temperate latitudes, as is well known, end in slopes 
of moderate declivity, thinning and disappearing at their mar- 
gins as a consequence chiefly of progressive surface melting. 
Chamberlin found that this habit prevails with the Greenland 
glaciers as far north as Disco Island and even somewhat beyond. 
But in Inglefield Gulf, between the latitudes of 77 and 78 de- 
grees, the glaciers end in abrupt terminal walls rising to heights 
of 50 to 150 feet. This peculiarity he interpreted as being due 
to the fact that in this high latitude the sun’s rays are at a low 
angle and are directed against the ice from all points of the 
compass during the continuous daylight of the summer. 

Chamberlin described the pronounced stratification of the ice 
as the most impressive feature displayed in the vertical sides 
of these high-latitude glaciers. As contrasted with the glaciers 
of the Alps, the remarkable extent, the definiteness, and the 
peculiar characteristics of the stratification displayed in the ver- 
tical walls of these northern glaciers were a veritable revelation 
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to him. On the vertical ice faces there were characteristically two 
notable zoneSj an upper inconspicuously laminated one of nearly 
pure white ice, and a lower one whose laminated structure was 
made very conspicuous by the presence, along very numerous 
parting surfaces, of rocky debris ranging from fine silt to boul- 
ders. This debris was in very definite and limited horizons, 
leaving the ice clean and pure above and below. In general, the 
abundant debris was confined to the lower fifty or seventy-five 
feet of the glacier. 

The question of foremost importance was the origin of the 
stratification, or foliation, and the method of introduction of 
the debris, '‘The original stratification could not have been 
very pronounced. Perhaps it was intensified somewhat during 
subsequent consolidation, but some new agency was necessary 
to produce the more definite partings and to introduce the layers 
of debris. This agency appears to have been a shearing move- 
ment between the layers.” 

On almost every one of the vertical faces certain layers were 
found to jut out sharply over those beneath. The phenomenon 
suggested differential movement between layers, but the possi- 
bility that it had resulted instead from differences in melting 
raised doubts as to the truth of the explanation. More direct 
proof was sought in grooves or flutings which cobblestones 
might be expected to make if movement occurred between the 
layers. Such were found. But the best evidence of the verity 
of shearing between layers was the intrusion of the earthy 
material itself along planes of slippage. This process Cham- 
berlin was fortunate enough to observe in actual operation in 
places where a glacier was overriding embossments of rock. 
That internal shearing plays an important part in the movement 
of glaciers seemed thus to be demonstrated. 

The many other features of the well-rounded glacial studies 
consummated in these three weeks must be passed over, but 
when, on August 26, the Falcon turned her prow southward and 
Lieutenant Peary left the ship to spend another dreary winter 

^ Recent Glacial Studies in Greenland. Bull, Geol Soc. Amer , Vol. 6 
(1^95), pp. 206-208, 
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in the Arctic, it seems to have been generally remarked that the 
only member of the party who had accomplished what he set 
out to do was Professor Chamberlin. 

MULTIPLE GLACIATION IN NORTH AMERICA 

The first formal attempt to define and name the multiple 
glaciations of North America was that of Chamberlin which 
appeared in 1894 in the third edition of “The Great Ice Age” 
by James Geikie. His classification was as follows : 

Glacial Period 

1. Concealed under series (theoretical) — ^Unknown. 

2. Kansan stage of glaciation — First (represented) glacial 
epoch. 

3. First interval of deglaciation — First interglacial epoch. 

4. East Iowan stage of glaciation — Second glacial epoch. 

5. Second interval of deglaciation — Second interglacial epoch. 

6. East Wisconsin stage of glaciation — ^Third glacial epoch. 

7. Later oscillations of undetermined importance — Final gla- 
cial epoch embracing possibly a fourth glacial epoch. 

W J McGee had distinguished two glacial drift sheets in 
Iowa, an “upper till” and a “lower till,” separated by a bed of 
interglacial accumulations not everywhere a “forest bed” but 
conveniently so styled. McGee had worked chiefly in north- 
eastern Iowa, but had reconnoitered the area south and west of 
the Des Moines lobe of Wisconsin age and had there identified 
the same group of sheets which he had long studied in north- 
eastern Iowa. Chamberlin, however, in a reconnaissance along 
the route of the Burlington railway in southern Iowa, had seen 
the extensive excavations recently made to get ballast for' the 
road, and particularly the deep cuts made between Afton and 
Thayer in improving the grade across the Grand River Valley. 
McGee had not visited this most promising locality. Since they 
could not understand one another's descriptions, they held a 
field conference in 1893, divided between the areas of their more 
special studies. McGee’s interpretation thus centered on north- 
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eastern Iowa, while Chamberlin’s centered on the Grand River 
localities in the south central summit region of Iowa. These 
seemed to be in general harmony, though today we know that a 
portion of northeastern Iowa is surfaced by a younger drift not 
occur nng in central and southern Iowa. 

Shortly after this field conference, Chamberlin was asked by 
Geikie to prepare the chapters on the glaciation in North Amer- 
ica for his well-known work, ‘‘The Great Ice Age ” This in- 
vitation was the immediate occasion for framing and publishing 
the mode of interpretation, correlation, and nomenclature given 
above. 

‘‘At the outset this scheme recognized only three ice invasions 
of the major type. The bed of till l)dng on Paleozoic rock at the 
bend of the Grand River, about a mile southeast of xA.fton Junc- 
tion, was taken as the typ^ locality of the glacial sheet left by 
the first ice invasion. It was named Kansan from the belief 
that it belonged to the same horizon as the old patchy drift on 
the nse toward the Ozarks south of the Kansas River, and that 
it represented the farthest extension to windward of the North 
American ice invasions. The Kansan formation at this typical 
locality was also made to include the kame-like deposits shown 
in the four trenches nearest Afton Junction. The original de- 
scription in The Great Ice Age (page 757) was placed under the 
sidehead, ‘Kansan formulation.' It includes this statement, 
‘there occur buried lenticular masses of gravel that appear to 
be kames formed on the surface of this deposit (the original 
Kansan) and subsequently buried by till belonging to the next 
higher formation’ (the original Iowan). 

“In the original text the Aftonian (interglacial deposit be- 
tween first and second drifts) was not characterized by gravels 
but by the direct evidence of an interglacial interval, such as 
soils, muck, peat, twigs, limbs, trunks, fossils, etc. {The Great 
Ice Agef* pp. 757-759). No stress has ever been laid on gravels 
by the proponent of the scheme of 1894. In so far as gravels 
were associated with these direct evidences, they were usually 
gravels of the horizontal stream type as already stated. 

“The very exceptional exposures of the upper till in the 
Thayer-Afton Junction region were regarded as the product- of 
the second ice invasion. They embrace the greatest summit 
formations in Iowa and constitute the most representative glacial 
formation of that state. Even in 1894, it was practically known 
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to occupy a wide belt at the surface embracing- and running under 
the Des Moines lobe of the third (Wisconsin) ice invasion.” 

'‘In the two years following the publication of the correlation 
of 1894, it was shown by reconnaissances that the upper till 
sheet, the original Iowan, extended farther south than it was 
represented on the map in The Great Ice Age, Bain held, on the 
basis of a reconnaissance, that it extended to the state of Kansas. 
This indicated that the second ice invasion was more nearly co- 
extensive with the first than had been assumed with unnecessary 
conservatism. This increased the importance of the low^an and 
added weight to the priority that had been given it. It was pre- 
eminently worthy to bear the state name as it was the most out- 
standing glacial formation in Iowa. 

“Up to this time, it had been natural, as well as conservative, 
to assume, in the absence of evidence to the contrar}% that the 
old glacial sheets in Illinois were contemporaneous with the old 
sheets in the trans-Mississippian region. But almost simulta- 
neously with the issue of a three-fold division of the system of 
1894, Leverett found that one of the older ice sheets of Illinois 
had crossed the Mississippi and overlapped the upper sheet of 
the west side. He also found evidence of a notable interval be- 
tween the overlappmg sheet and the formation of the preceding 
surface. This was fully confirmed later, and in 1896 the Illi- 
noian invasion was added to those previously named, making 
four in all. 

“As these four glacial invasions are all that now (1928) seem 
worthy of recognition, it will help to give definiteness to our 
sketch of the history of the shifting of names that followed, to 
give the four here in tabular form. 

4. The fourth glacial invasion, Wisconsin. 

3. The third glacial invasion, Illinoian. 

2. The second glacial invasion, Iowan, 

I. The first glacial invasion, Kansan.”^® 

Most unfortunately the two years following the publication 
of the system of 1894 in “The Great Ice Age” were marked by 
so many shifts of terms and correlations that it is difficult for 
the ordinary reader or the busy geologist to follow tlie history 

“ T. C. Chamberlin ; The Development of the Theory of Multiple Gla- 
ciation in North America (Unpublished manuscript, March, 1928, pp. 
16-18.) 

“ Ibid., pp, 19-20. 
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with accuracy. The shifts followed one another in almost 
kaleidoscopic frequency and complication. 

The attempted emendations beg-an in 1895 with the recogni- 
tion by Calvin that the surface drift in the northern portion of 
Johnson County, in east central Iowa, was much younger in 
age than the drift surfacing the southern portion of the county, 
and that there were thus three instead of two pre-Wisconsin tills 
in McGee’s area. In the northern part was a thin, patchy drift 
of young aspect, covering the much thicker drift (the middle 
sheet of the three-fold division) which was the surface forma- 
tion to the south. 

McGee had used the terms ‘‘lower till,” “forest bed,” “upper 
till,” Chamberlin’s scheme used Kansan, Aftonian, Iowan, 
terms not used previously, Chamberlin always believed firmly 
that McGee’s “upper till” was, in the main, the great surface 
sheet of southern Iowa (the second drift or upper till in Cham- 
berlin’s type section near Afton), but included also in north- 
eastern Iowa the thin local cover sheet which Calvin, in 1895, 
differentiated as the third drift. His own system of 1894 took 
no cognizance of this cover sheet, which came to be appreciated 
later and which is confined to northeastern Iowa, but only recog- 
nized the main mass of McGee’s upper till, keeping to the fore 
the splendid exposures in the Afton region, far beyond the 
southern limits of the cover sheet. He had temporarily attached 
the prefix East to the state names, Wisconsin and Iowan, as a 
prudential measure to guard against a possible misuse of the 
unqualified state names, for he felt that only the best exhibit 
of a given state should, as a rule, bear the unqualified state name, 
and that too little was then known of the glacial formations of 
northwest Wisconsin and western Iowa to warrant the un- 
qualified use of the names Wisconsin and Iowan for formations 
which had only been intensively studied in the eastern halves 
of these states. Later he regretted this excessive scrupulous- 
ness, as the prefixes were only so much lumber and even led 
frequently to misinterpretation. They were soon discarded when 
no longer needed. 
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The Iowa Geological Survey began in 1895 to give particular 
attention to the local cover sheet and adopted the view that Mc- 
Gee^s upper till was merely this cover sheet of northeastern 
Iowa rather than the great sheet on which it rests and which 
is the surface drift over a large part of the state beyond the 
confines of the cover. The Sur\^ey then went further and pro- 
ceeded to use Chamberlin’s term Iowan for the cover sheet and 
his term Kansan for the greater sheet below and beyond, which 
Chamberlin had called Iowan. This use of Chamberlin’s names 
was then given much currency in the Iowa county reports 'which 
were coming out in rapid succession. Bain later went to the 
Afton region and found that these names, as the Iowa geologists 
were then using them in northeastern Iowa, did not fit Chamber- 
lin’s type sections. He might now have recognized the Afton 
sections as the basis of Chamberlin’s published nomenclature, 
and in accordance with the claims of priority have brought the 
newer developments in northeastern Iowa into harmony with 
it. Instead he shifted Chamberlin's names to fit his own ideas 
of northeastern Iowa, transferring the name Kansan, which 
Chamberlin had used for the first drift, to the second drift which 
Chamberlin had named Iowan, thus leaving the first drift with- 
out a name and divorcing the term Iowan from its type sections 
near Afton and Thayer. The Iowa county reports then came to 
use the succession, sub-Aftonian or pre-Kansan, Kansan, 
Illinoian, Iowan, and Wisconsin. 

Perhaps nothing showed more plainly the restraint, patience, 
and generously friendly character of Chamberlin than his recep- 
tion of these developments. He revisited Thayer and Afton 
with Bain, who later was to take graduate work and the doctor’s 
degree under him at Chicago, and also went over other parts of 
Iowa as guest of the State Survey. The problems were compli- 
cated and confusing, and he was able to appreciate alternative 
points of view. In a very generous spirit he acquiesced, though 
inwardly with considerable misgiving. In later years, when he 
saw the fuller relationships of the glacial succession and was 
convinced that a very unfortunate mistake had been made, he 
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deeply regretted having allowed his kindly impulses to overcome 
his judgment. 

The difficulty had arisen from a difference of opinion as to the 
proper interpretation of McGee’s lower and upper till with sepa- 
rating forest bed, which even today is a debatable question. 
More particularly it arose from making an interpretation so 
open to doubt the basis of a correlation and nomenclature to 
which the whole American glacial succession was to be adjusted. 
The uncertainty of the premises may be illustrated by quoting 
from a paper by Calvin in 1898 . 

'‘McGee looked upon the forest bed as the plane of division 
between his lower and upper till, but later investigators following 
the lines which he pointed out have reached the conclusion that 
his lower till embraces two distinct drift sheets, and that it is 
between these two that the forest bed invariably lies. Thus there 
are three drift sheets in northeastern Iowa, and in the recent 
literature referring to Pleistocene geology they are known re- 
spectively as sub-Aftonian or Albertan, Kansan and Iowan 
No forest material has been observed between the Kansan and 
the Iowan, but in this situation there occur extensive beds of 
stratified sands and gravels.” 

“Calvin believed that in northeastern Iowa the forest bed was 
‘invariably’ between the sub- Af toman and Kansan tills.” 

Though the names have been shifted, this recognition that the 
forest bed, as then known, was between the first and second 
drifts and not between the second drift and the cover sheet is 
in perfect accord with Chamberlin’s classification. The cover 
sheet, not recognized by Chamberlin but subsequently differ- 
entiated, accordingly becomes a separate unit to be named and 
fitted into its proper place in the sequence. More recently 
patches of forest bed have also been found between the second 
drift and the cover sheet. 

In the cut of the Chicago Great Western Railroad near Oel- 
wein, in northeastern Iowa, were found three drifts with a dis- 

** Samuel Calvin : The Interglacial Deposits of Northeastern Iowa. 
Iowa Acad. Sci., Vol. V (1898) pp 64-70. 

“ George F, Kay: History of the Investigation and Classification of the 
Pleistocene Deposits of Iowa. Iowa Geol. Surv., 1928, p. 20. 
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tinct forest bed between the lowest drift and the intermediate 
drift. Bain wrote : ‘‘A review of sections published by ilcGee 
makes it more than doubtful whether the forest bed which he 
has so clearly shown to be present does not mark the Aftonian 
rather than the Buchanan horizon between the two upper tills.” 

Kay, however, thinks that there is good argument in defense 
of the policy followed by the Iowa Geological Survey, if proper 
emphasis is given to McGee^s description of his two tills, their 
mapping, and his forest bed or gumbo, rather than too great 
stress given to his forest bed alone. He continues: “At the 
time the Oelwein cut was described gravels and sand only had 
been found by Calvin and his assistants in sections separating 
the Iowan from the Kansan, whereas McGee emphasized the 
number of well records in which a forest bed separated his 
Lower Till from his Upper Till. Since, as stated above, it is 
now known that in McGee’s area there is in places a forest bed 
at the same stratigraphic horizon as the Buchanan sands and 
gravels and a forest bed at the stratigraphic horizon of the 
Aftonian, quite naturally McGee’s forest bed in some of his 
sections is the forest bed between the Kansan and the Iowan, 
as these names are now applied, and in others the forest bed 
lies between the Kansan and the pre-Kansan.”-’' 

Here would seem to be the probable truth of the matter. In 
some places McGee’s upper till was the second drift ; in other 
places it was the second drift plus the cover sheet where that 
was also present ; in still other places it was probably merely the 
cover sheet. Stratigraphically, McGee was lumping together 
in many places two distinct drifts, a thick and a thin one ; topo- 
graphically, he noted more particularly the characteristics of 
the thin local cover in northeastern Iowa. In this pioneer 
grouping together of different glacial units lay the germ of the 
unfortunate proceedings which followed. Nothing composite, 
however, characterized Chamberlin's Grand River section near 

“H. F. Bain: Relations of the Wisconsin and Kansan Drift Sheets 
in Central Iowa, and Related Phenomena. Iowa Geol. Surv., Vol. VI, 
1896, pp. 466-467* 

^ George F. Kay ■ Op. cit, p. 21. 


343 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — ^VOL* XV 


Afton Junction in south central Iowa, which showed the first 
drift, which he called Kansan, and the second drift, which he 
called Iowan and without a later drift to cause confusion. But 
still the Iowa Survey shifted the very appropriate nomenclature 
of the splendid Grand River type section to fit the debatable in- 
terpretations farther north. 

In the years which have followed, the comparatively insignifi- 
cant cover sheet, carrying the name Iowan, has been an embar- 
rassing member of the North American glacial succession and 
has occupied an uncertain position. The U. S. Geological Sur- 
vey party engaged in correlating the older drifts around the 
driftless area in 1906-07 even tested out carefully the hypothesis 
that there was no such distinct drift sheet, but in the end became 
convinced of its existence. Later it was regarded by some as 
possibly the Keewatin equivalent of the Illinoian. But the very 
recent studies of Kay and Leighton seem now to demonstrate 
that it represents an early advance of the last great ice invasion, 
which we call the Wisconsin. 

Thus, by a poetic irony of fate, the second drift which is the 
great drift sheet of the state of Iowa is now known as the 
Kansan, and the so-called Iowan glaciation of the Iowa geologists 
is apparently now to be taken out of the category of major ice 
invasions and reduced to a sub-stage of the Wisconsin. With 
four instead of the anomalous five major ice invasions, the 
American glacial succession comes into harmony with that of 
Europe. 

Chamberlin did not live to see this last development, but in 
his later years he cherished the hope that respect for the claims 
of priority, coupled with the greater appropriateness of his 
terms, would lead to an ultimate return to the sequence, i. Kan- 
san, 2. Iowan, 3. Illinoian, and 4. Wisconsin, leaving the status 
of the cover sheet to be adjusted later. Iowa would then be 
restored to the prominence and prestige in Pleistocene nomen- 
clature to which the state is so justly entitled. In his last year 
he started steps to bring this about, and had he lived longer his 
leadership might, perhaps, have accomplished it. 
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GEOLOGIC CLIMATES 

Glacial geology had been Chamberlin's chosen field up to the 
middle nineties of the last centur>\ By this time field studies 
had given a fair understanding of the main features of the 
Pleistocene glaciation of the country, and competent observers 
were actively engaged in advancing this knowledge through sys- 
tematic areal investigations. Chamberlin's interest now spread 
to the larger scientific implications of glaciation. He turned in 
particular toward the causes of glacial climates which naturally 
led to a broader consideration of the changing climates of the 
geologic past. These, in their turn, w^ere to prove but the first 
steps of that long flight of stairs which he was to mount steadily 
for thirty years till he reached the heights in cosmogony and 
fundamental geologic philosophy. The ascent throughout was 
laborious and difficult, but each step led directly to the next. The 
whole was a sustained effort remarkable ahke for steady sys- 
tematic progress into the unknown and for the far-reaching re- 
sults finally achieved. 

He began by considering the earth's atmosphere. "‘All our 
attempts at the solution of climatic problems proceed on some 
conscious or unconscious assumption concerning the extent and 
nature of the atmosphere at the stage involved.”^® Accumulat- 
ing geologic evidence seemed to him to indicate no radical dif- 
ferences between the atmosphere in Paleozoic time and that of 
the more recent ages. Very opportunely signs of glaciation far 
back in the Paleozoic were then beginning to be found, and 
Chamberlin was quick to grasp their great significance. Belief 
was then nearly universal in an earth gradually cooling off from 
an original fiery state. The Laplacian nebular hypothesis had 
led directly to the view that the earth's early atmosphere was an 
enormous mass of hot vapors and gases surrounding a molten 
globe. Fifty times our total present atmosphere was the esti- 
mated amount of atmospheric carbon dioxide later to become 
locked up in our extensive carbonate rocks and coal deposits. 
The great hot primordial atmosphere was thought to have di- 

Group of Hypotheses Bearing on Climatic Changes.” Jour, of 
GeoL, Vol. V (1897), P. 653 
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minished to its present volume with the passage of time and 
earth climates to have become progressively cooler But gla- 
ciation early in the earth’s history and the vast original atmos- 
phere, rich in carbon dioxide, postulated in accordance with the 
Laplacian hypothesis, were apparently incompatible. Cham- 
berlin then examined the postulate of a once-molten globe with 
heavy uncondensed atmosphere and then, in turn, the basis for 
It in the nebular hypothesis at that time practically universally 
accepted. But the careful scrutiny which he gave the nebular 
hypothesis developed unsuspected weaknesses of a serious 
nature. As the foundations of the hypothetical structure began 
to crumble before his analysis, Chamberlin boldly ventured to 
question not only the verity of the supposed original molten 
state of the earth but the correctness of the time-honored La- 
placian hypothesis itself. 

But he was not one to tear down without trying to build some- 
thing better in its place. Even in his 1897 contribution on cli- 
matic changes there was already entertained the alternative 
hypothesis that the earth may have grown as a solid body by 
slow accretion of meteoroidal material. A source of the earth’s 
heat was found in self-compression through rearrangement of 
this heterogeneous material under the force of gravity. From 
within such an earth the atmosphere could be resupplied by vol- 
canic and other exhalations in proportion as its gases were lost. 
Through losses and resupply, an atmosphere fluctuating only 
moderately about an equilibrium value seemed to be possible, 
and a vast, hot atmospheric envelope, with all its attendant 
geologic consequences, was therefore no longer a necessary 
deduction. 

Current conceptions, both of the early atmosphere of the 
globe and of the origin of the earth itself, were plainly subject 
to the gravest doubt ; alternative hypotheses to replace them were 
already in view. The way was thus opened for a study of geo- 
logic climates on a new basis, and a better theory for the origin 
.of the solar system became one of the greatest needs of geology. 
To both of these great problems Chamberlin now directed his 
attention. The climatic studies matured first. 
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Some fifty years earlier Tyndall had suggested that glaciation 
might be dependent upon depletion of the atmospheric carbon 
dioxide whose peculiar competence to retain solar heat he had 
demonstrated. This suggestion, however, had failed to find 
much acceptance, partly from doubt as to its adequacy and partly 
from lack of any definitely assignable cause for the requisite in- 
termittent depletion. Arrhenius, in 1896, endeavored to ascer- 
tain what degree of depletion of the carbon dioxide of the pres- 
ent atmosphere would bring on the conditions of Pleistocene 
glaciation and what degree of enrichment would produce the 
warm climate of the Tertiary. He reached the conclusion that 
the removal of 38 to 45 per cent of the present carbon dioxide 
would bring on glaciation, whereas an increase of 2.5 or 3 times 
its value would produce the mild temperatures of Tertiary times. 

Chamberlin investigated the geologic setting and supplied the 
possible mechanism. Following the greater diastrophic revolu- 
tions the lands are relatively high and the land surfaces of the 
globe reach their greatest areal extent. At such times of un- 
usually extensive exposure of the rocks, carbon dioxide from 
the atmosphere enters into chemical combination with the rocks, 
in the process of carbonation of the silicates, to an exceptional 
degree. This reduction in the amount of carbon dioxide in the 
atmosphere lowers its temperature by permitting more rapid 
radiation of the sun^s heat from the earth. The oceans in turn 
become cooler and consequently absorb more carbon dioxide 
from the atmosphere. This further removal of carbon dioxide 
from the atmosphere results in a still further lowering of its 
temperature. Water vapor in the atmosphere also plays its ap- 
propriate part, and other processes are involved. Cold climates 
result. 

On the other hand, during times of baseleveling, when shallow 
seas have spread widely upon the continents protecting great 
areas of rock from carbonation, carbon dioxide is freed in large 
quantities as the calcium bicarbonate in the sea water becomes 
changed to the monocarbonate in the development of the exten- 
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sive limestone deposits so characteristic of such times.^® With 
enrichment of the atmospheric carbon dioxide the earth is 
favored with warm, equable climates, such as have prevailed 
during much of geologic time. During such epochs the geologic 
record shows that temperate and tropical faunas and floras have 
spread strongly poleward. 

The fluctuating climates of the earth manifestly have resulted 
from the interplay of a large number of variable factors. The 
extreme complexity of the processes in operation and the delicate 
adjustments that maintain a general equilibrium and have per- 
mitted fluctuation only between comparatively narrow limits of 
temperature made this a problem requiring for its solution the 
fullest understanding of what was involved and the keenest 
analysis. In 1900, Chamberlin presented his study of the in- 
tricacies of this problem and his working hypothesis of the im- 
portant part played by fluctuating atmospheric carbon dioxide.®® 

An auxiliary agency in the control of secular climates appeared 
in possible reversals of the direction of water movement in the 
deeper portion of the oceans. 

‘Tn an endeavor to find some measure of the rate of the 
abysmal circulation, it became clear that the agencies which in- 
fluenced the deep-sea movements in opposite phases [poleward 
or equatorward] were very nearly balanced. From this sprang 
the suggestion that if the relative values were changed to the 
extent implied by geological evidence there might be a reversal 
in the direction of the deep-sea circulation and that this might 
throw light on some of the strange climatic phenomena of the 
past and give us a new means of forecast of climatic states in 
the future.” 

The most important opposing agencies are diflferences in tem- 
perature, including freezing and thawing, and differences in 

^ “The Influence of Great Epochs of Limestone Formation upon the 
Constitution of the Atmosphere.” Jour, of GeoL, Vol. VI (1898), pp. 
609-21. 

Attempt to Frame a Workmg Hypothesis of the Cause of Glacial 
Periods on an Atmospheric Basis.” Jour, of Geol, Vol. VII (1899), 
pp. 545-85 

^ “On a Possible Reversal of Deep-Sea Circulation and Its Influence 
on Geologic Climates.” Proc, Amer. Phil. Soc., Vol. XLV (1906), pp. 

33-43. 
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salinity of the ocean waters. In so far as evaporation exceeds 
precipitation in the low latitudes, it results in an increased salin- 
ity of the superficial waters and a tendency of these to sink and 
flow poleward. On the other hand, the lower temperatures of 
the high latitudes, and the exclusion of salts from freezing sea- 
water, increase the density of the water and tend to cause it to 
sink and flow equatorward. At the present time the polar 
agencies control the deep-sea circulation ; the deep waters, even 
beneath the tropics, are cold, and the climate is rigorous and 
diversified. Although today we enjoy considerable amelioration 
of the more severe glacial climates of not long ago, the deep-sea 
circulation still remains equatorward as presumably it was also 
throughout the Pleistocene glacial epoch. 

Chamberlin’s survey of the existing temperatures and salinities 
of the ocean made it clear that the battle between temperature 
and salinity is a close one and that no profound change is neces- 
sary to turn the balance. To him it seemed that the lowering of 
lands by the baseleveling processes with resulting spread of the 
seas on the continents and accompanying warming of the atmos- 
phere, partly through increased carbon dioxide and partly due 
to other causes, would be likely to render evaporation and salinity 
dominant and reverse the deep-sea circulation. Warm waters 
descending in the equatorial regions, moving poleward and 
rising to the surface in the high latitudes would constitute a 
veritable hot-water heating system delivering heat in the polar 
regions and giving the whole globe the mild, equable climates 
which the geologic evidence indicates have prevailed, interspersed 
with occasional epochs of glaciation, through most of the geo- 
logic past. 

The correlation of climates with the pulsations of geologic 
history, specifically the relatively short diastrophic upheavals 
and the longer intervals of baseleveling and sea-transgression 
is beautifully shown by the geologic record. The transcendent 
importance of these relations m any adequate concept of the 
typicsl geologic period, either from the point of view of the 
physical history or that of the biologic response to the physical 
conditions, should have been apparent long ago. Yet very few 
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geologists seem to have realized this. Few, indeed, have any 
convictions, pro or con, on the solidarity of the hypothesis of the 
reversal of the deep-sea circulation, presented a quarter of a 
century ago If true, it was a contribution of far-reaching sig- 
nificance and should play a vital part in fundamental geologic 
philosophy, if faulty, there is still a great gap entirely unfilled. 

THE REPLY TO LORD KELVIN 

In 1897 Lord Kelvin delivered his famous address before the 
Victoria Institute on ^'The Age of the Earth as an Abode Fitted 
for Life.'^ In that address he took up the question of loss of 
heat from a cooling molten earth and the longevity of the sun 
as a highly heated body, and from his anal3rtical studies asserted 
with a finality unusual in scientific discussions that the age of the 
earth was more than twenty and less than forty million years, 
and probably much nearer twenty than forty million years. 
Geologists and biologists had been requiring much greater 
lengths of time for the recorded history of the earth and the 
evolution of its inhabitants. To be denied this seemingly neces- 
sary span of time was disconcerting, and yet so great was the 
prestige of Lord Kelvin in the field of mathematical physics that 
the age limits which he placed on the earth and its evolution 
had scarcely less force than a supreme court decision. 

Geologists, according to Kelvin’s conclusions, had been very 
extravagant in their time postulates. Possibly the scientific 
public carried the implications even further, for the address had 
been ‘‘permeated with an air of retrospective triumph and a 
tone of prophetic assurance.” At best the geologists were in a 
position of uncertainty between the dictum of exact science on 
one hand and faith in their own methods and criteria on the 
other. 

For some reason Kelvin’s address was reprinted in Science in 
May of 1899. Chamberlin now promptly and boldly challenged 
Lord Kelvin along the whole front of his argumentative posi- 
tion.®® Not only did he show the weaknesses of his geologic 


'Science. Vol. IX (1899), pp. 889-901 and Vol. X (1899), PP- 11-18. 
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assumptions, but he took him to task more particular!}^ on the 
basis of physical laws and physical antecedents. The stroke 
was as unexpected at that time as today it seems remarkable in 
the light of subsequent advances m physics. Xot a few British 
scientists expressed surprise that anybody should have the 
temerity even to reply to Lord Kelvin, let alone to attempt to 
unhorse him in his own field. Yet the latter is precisely what 
was done, in ways that can be appreciated much better now than 
at that time. 

Let us follow merely Kelvin’s third line of argument which 
was drawn from the theoretical age of the sun. Accepting the 
Helmholtzian theory that the sun’s heat is solely the result of 
its contraction, Kelvin calculated that the sun could not have 
supplied sufficient heat for life on the earth for more than twenty 
to thirty million years. Let us now read Chamberlin’s reply, 
keeping m mind as we do so that it was given before any of the 
remarkable developments in physics during the last few years, 
particularly the discovery of electrons, the complex structure of 
atoms, and the prodigious amounts of energy now known to be 
locked up m atomic structure. With our present concepts of 
atomic physics in mind, we may appreciate the extraordinarily 
prophetic vision developed in the following paragraph which 
Chamberlin wrote in 1899.^® 

"'Here is an unqualified assumption of the completeness of 
the Helmholtzian theory of the sun’s heat and of the correctness 
of deductions drawn from it in relation to the past life of the 
sun There is the further assumption, by implication, that no 
other essential factors entered into the problem. Are these as- 
sumptions beyond legitimate question? In the first place, with- 
out questioning its correctness, is it safe to assume that the 
Helmholtzian hypothesis of the heat of the sun is a complete 
theory ? Is present knowledge relative to the behavior of matter 
under such extraordinary conditions as obtain in the interior of 
the sun sufficiently exhaustive to warrant the assertion that no 
unrecognized sources of heat reside there? What the internal 
constitution of the atoms may be is yet an open question. It is 
not improbable that they are complex organizations _ and the 
seats of enormous energies. Certainly, no careful chemist would. 

Science. Vol X (1899), P- 12. 
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affirm either that the atoms are really elementary or that there 
may not be locked up in them energies of the first order of mag- 
nitude. No cautious chemist would probably venture to assert 
that the component atomecules, to use a convenient phrase, may 
not have energies of rotation, revolution, position and be other- 
wise comparable in kind and proportion to those of a planetary 
system. Nor would he probably feel prepared to affirm or deny 
that the extraordinary conditions which reside in the center of 
the sun may not set free a portion of this energy. The Helm- 
holtzian theory takes no cognizance of latent and occluded ener- 
gies of an atomic or ultra-atomic nature. A ton of ice and a 
ton of water at a like distance from the center of the system are 
accounted equivalents, though they differ notably in the total 
sum of their energies. The familiar latent and chemical ener- 
gies are, to be sure, negligible quantities compared with the enor- 
mous resources that reside in gravitation. But is it quite safe 
to assume that this is true of the unknown energies wrapped up 
in the internal constitution of the atoms? Are we quite sure 
we have yet probed the bottom of the sources of energy and are 
able to measure even roughly its sum-total 

This sounds like inspired prophecy! Substitute our present 
word "'electrons’" for Chamberlin's ""atomecules” and the vision 
of 1899 is almost uncanny in its prophetic correctness. That 
Chamberlin should thus have anticipated, by almost a quarter 
of a century, in form as well as in substance, some of the most 
basal concepts of modern physics was, as Professor Moulton 
has recently said/^ in some sense accidental, but that he saw that 
there were these energies, that there must he some such en- 
ergies, instead of being accidental, was the result of mature 
reflection upon a whole range of phenomena whose import he 
saw with remarkable clearness. 

Even in 1899, when the full significance of this reply could 
not be appreciated, its effect on geologic thought was prompt 
and decisive; Lord Kelvin's time restrictions never bothered 
geologists thereafter. Significant also was the reply in showing 
how far its author had already advanced in those fundamental 
researches which later grew into an almost complete geologic 
philosophy. 

®*F. R. Moulton: The Planetesimal Hypothesis. Science, Vol. LXVIII 
(1928), pp. 10-12. 
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THE PLAXETESLMAL HYPOTHESIS 

The study of ancient geologic climates disclosed facts which 
seemed to Chamberlin inconsistent with the common belief 
growing out of the Laplacian hypothesis that a hot, vaporous 
atmosphere of enormous extent surrounded the earth during 
its early stages. Tested by means of the molecular velocities, 
after the method of Johnstone Stoney, the supposed vast atmos- 
phere was found to be an impossibility. This conclusion natu- 
rally led back one step further to the question of whether there 
was a basis for the view in the Laplacian nebular hypothesis, 
and eventually raised question as to the correctness of that time- 
honored theory of the beginning of the earth. 

The earth-moon ring postulated by Laplace was put to the test 
and It was found that this supposed ring could not remain in 
a true gaseous state under the conditions required by the hy- 
pothesis. Chamberlin, therefore, began to consider the alter- 
native possibility of molecules or particles revolving in inde- 
pendent orbits in planetoidal fashion. Condensation from such 
a state had been generally held, though without sufficient reason, 
to give rise to retrograde rotations, whereas most of the rota- 
tions of the solar system are forward. But Chamberlin, by a 
further analysis of the problem found grounds for concluding 
that, on account of the ellipticity of the orbits, forward rota- 
tions will in general result from the gathering together of indi- 
vidual particles. The importance of this conclusion was very 
great for it indicated the tenability of an alternative method of 
earth genesis. Instead of a smgle mode of genesis, it now be- 
came a question of which of two alternatives was better in 
accord with molecular behavior and recognized mechanical 
principles. 

The next step was to apply critical tests to the Laplacian hy- 
pothesis along as many different lines as possible. Professor 
E. R. Moulton, who had been collaborating with Chamberlin 
from an early stage in these cosmogonic studies, brought to 
bear his mastery of celestial mechanics and his mathematical in- 
sight and contributed brilliantly to the success of their joint 
investigations. The two men were very different in their train- 
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ing, points of view, and methods of analysis. One was natural- 
istic, the other mathematical ; together they made an ideal team, 
each supplementing the other. They worked so closely and 
informally together that the precise parts which each played in 
disproving the Laplacian hypothesis and in developing the 
planetesimal h)qiothesis to replace it are not readily separated 
and will not be differentiated here. They have been unscrambled 
to some extent by the authors themselves in a joint statement 
called forth by certain not over-careful criticisms and captures 
by other workers in related fields.^® The credit belongs to both. 

The searching tests by Chamberlin and Moulton proved con- 
clusively the untenability of the Laplacian hypothesis. This 
famous theory failed to meet the requirements along a dozen 
different lines, and they formally and finally abandoned it in 
1900. But so firmly entrenched in the scientific thought of the 
time was this beautifully harmonious hypothesis, and so great 
is the inertia of inherited ideas, that Chamberlin frequently re- 
marked that he expected a quarter of a century would elapse 
before the geological and astronomical professions as a whole 
would finally give it up for something better. It is interesting 
to note that the date given in Moulton’s new Astronomy (1931) 
for the general abandonment of the Laplacian hypothesis is 1925. 

On the constructive side considerable futile work was done, 
largely by Chamberlin, in trying out the possibilities of collision 
between nebulous bodies, ‘'but no escape was found from the 
high probability, amounting almost to certainty, that the result- 
ing orbits would be too eccentric to fit the case of the solar sys- 
tem in any instance that was likely to occur.’'®® He proceeded 
to a study of the effects of the differential attractions exerted 
by bodies on one another when they make close approaches, as 
developed by the researches of Roche, Maxwell, and others, and 

®**‘The Development of the Planetesimal H3^pothesis.” Science, Vol 
XXX (1909), pp 642-45 This statement has been reprinted together 
with the seven attacks and counter attacks which preceded it (Science, 
April 23, 1909, to November 5, 1909) under the title . '‘Our Friends, the 
Enemy, a Discussion bearing on Scientific Ethics, with Concrete Illus- 
trations.” Idem (1909), pp. 21, 

Science, Vol. XXX (1909), p. 644. 
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found this a promising field. Xot only was the chance of close 
approach vastly greater than that of actual collision, but in addi- 
tion to the direct tidal effect he recognized also ''the projective 
effect developed in a body of enormous elasticity already under 
high pressure and affected by violent local explosions which 
were subject to intensification by the changes of gravity brought 
to bear on them by a passing body.^' The disruption of solid 
bodies was seen to afford a basis for explaining the clustered 
fragments of comets and the angularity of the meteorites into 
which they are supposed to be finally dispersed. The explosive 
projections from suns under the influence of a passing body were 
thought to explain the two-armed spiral nebulse which were 
then coming into prominence as the dominant type of nebula 
in the heavens.®® 

Following these preliminary steps, which cleared the way by 
narrowing the limitations of tenable hypotheses and which de- 
fined and developed the governing principles, the planetesimal 
hypothesis was gradually molded into the form in which it 
appeared in 1904 in Year Book No. 3 of the Carnegie Institution. 
When it appeared somewhat further elaborated for textbook 
use in Chamberlin and Salisbury’s "Geology,” Volume II, at 
the beginning of 1906 and in Moulton’s "Introduction to As- 
tronomy” in the same year, the planetesimal hypothesis for the 
origin of the solar system was fully launched on its career. 

At that time spiral nebulae played an important part in the 
planetesimal hypothesis. Known then to be the dominant neb- 
ulae of the heavens, it was at first thought that they might 
represent huge solar systems in the making. Their character- 
istic large central mass, from which two arms of scattered 
haze, studded with large and small knots of matter, curved 
spirally outward on opposite sides, seemed just what an em- 
bryo solar system ought to be according to the planetesimal 
hypothesis. The central mass seemingly would become the 

Idem, 

“ “On a Possible Function of Disruptive Approach in the Formation of 
Meteorites, Comets and Nebulse.” Astrophys. Jour., Vol. XIV (igm)* 
pp. 17-40 and Jour, of GeoL, Vol. IX (1901), 369-92. 
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sun; the larger knots of matter in the arms would become 
planets by gathering in the innumerable planetesimals consti- 
tuting the general haze, while the smaller knots would give rise 
to satellites and planetoids. Diagrams showed how a star pass- 
ing close to our sun would cause the development of a nebula 
of this spiral form, but it was explicitly stated that the planetes- 
imal hypothesis was in no way dependent on the spiral form 
or upon the nature of the great spiral nebulae revealed by the 
telescopes. The only essential- feature was that the passing 
star pulls less than one per cent of the matter of the sun into 
elliptical orbits around it. 

This was the stem hypothesis ; from it the peculiar conditions 
of any individual case might cause a solar system to evolve in 
accordance with any one of a considerable number of sub- 
hypotheses, all of them species of the same genus. Much time, 
in fact, was given to testing out various alternative sub- 
hypotheses. When, some years later, further researches with 
larger telescopes showed the spiral nebulae of the heavens to 
be vast independent galaxies of stars beyond the limits of our 
own galaxy, the planetesimal h3rpothesis was in no way ad- 
versely affected by this advance of knowledge. In fact, the 
supreme advantage of the planetesimal hypothesis lies in having 
opened an entirely new field, wide and fertile in possibilities, 
and from which in all probabilty the true explanation of the 
solar system either has sprung or will spring. It may be that 
some other of the sub-hypotheses will be found to work out 
better, as knowledge develops, than the particular one to which 
the authors have given preference. But as yet their selection 
seems best. 

CHAMBERLIN AND’ SALISBURY'S ^'GEOLOGY” 

Chamberlin's chosen lines of research had led him into 
steadily widening fields and these he was now plowing deeply. 
The planetesimal hypothesis provided for an earth with in- 
herited characters quite unlike those previously postulated. 
Not only did the new view assign to it double parentage, instead 
of only one parent, but gave it also very different environ- 
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mental conditions during the formative stages of its youth 
when its characteristics were being established. Naturally the 
better-known eras of its later life were but the outgrowth of 
the juvenile earth and were to be interpreted in accordance 
witb its antecedents. A new' geologic philosophy therefore 
sprang from the planetesimal hypothesis, and its far-reaching 
ramifications were to occupy Chamberlin throughout the rest 
of his life. 

The development of these new lines was an important feature 
of the Chamberlin and Salisbury “Geology"’ whose three vol- 
umes came out between 1904 and 1906. The publishing house 
of Henry Holt and Company had sought this textbook for 
their American Science Series some time before the planet- 
esimal hypothesis appeared, and the text was already under 
way in 1900. But as the new cosmogony unfolded and many 
geologic innovations were found to spring from it, the authors 
set themselves the task of bringing out a comprehensive text- 
book of geology developed along the new lines. 

Volume I treated geologic processes to which Salisbury con- 
tributed most largely on erosion and deposition, and Cham- 
berlin most largely on diastrophism, vulcanism, and the origin 
and descent of rocks. 

Volumes II and III gave the history of the earth. Chamber- 
lin portrayed in the first two chapters the origin of the solar 
system and the early stages of the earth, sketching in parallel 
fashion the development of the earth to maturity, first as had 
been taught in accordance with the Laplacian h3rpothesis and 
then as logically developed from the planetesimal hypothesis. 
It was characteristic of the spirit and method of the two authors 
that they made every effort to amend the molten-globe story 
so as to accord better with recognized geologic facts, but seem- 
ingly with little success. The planetesimal evolution was then 
traced through the initial volcanic, atmospheric, hydrospheric, 
and life stages to the recognized Archeozoic era. These stages 
involved new conceptions of the cause of vulcanism, of the 
origin of the atmosphere, of the origin of continents and ocean 
basins, of megadiastrophism, and of the inception of life on 
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the globe. The departure from earlier views was revolutionary 
in the highest degree, but so defective did the time-honored 
interpretations seem to the author that the new basis was for- 
mally adopted and the Laplacian hypothesis and its consequences 
were given no further consideration in the unfolding of the 
earth^s later history. 

From the Cambrian period onward Salisbury was primarily 
responsible for the physical evolution and Chamberlin for the 
biological evolution. Paleontology is remote from cosmogony, 
but for the treatment of the faunas and floras recorded in the 
geologic strata Chamberlin was quite well prepared. The Wis- 
consin Survey while he was state geologist had done much 
paleontological work, and his early diagnosis of the Niagaran 
coral reefs even to this day excites the admiration of those who 
give attention to these peculiar structures. He had also pub- 
lished, in 1898, “A Systematic Source of Evolution of Pro- 
vincial Faunas,'' and in 1900, "‘On the Habitat of the Early 
Vertebrates." 

In the former publication he pointed out the fact that earth 
readjustments which cause the emergence of continents and 
the withdrawal of marine waters into the ocean basins are peri- 
odic (or episodic) in their occurrence, and that these periods 
of activity are separated by long intervening stages of relative 
quiescence during which lands are lowered by erosion and shal- 
low seas are gradually spread over the continental platforms 
During such a time of extended “epicontinental seas,” as he 
termed them, the conditions for what he designated the “expan- 
sional evolution” of shallow-water marine life are signally favor- 
able. Later, after long-continued baseleveling and expansional 
evolution of marine life, diastrophism causes the withdrawal of 
the marine waters from the continental platforms, leaving around 
each only a narrow, rapidly shelving shore-tract between the 
land and the abysmal slopes. The shallow-water fauna is com- 
pelled to follow the retiring sea and to crowd itself into this 
restricted zone. 

“The new conditions will be in many respects uncongenial, 
for the streams will be rejuvenated and the amount of land 
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wash will be greatly increased. Those species whose existence 
IS dependent upon clear seas will be in imminent danger of 
extinction. Certain species to which these conditions are con- 
genial may on the other hand be favored, but the grand result 
must necessarily be the destruction of the larger part of the 
previous expansional fauna and the forced adaptation of the 
remainder to new, and on the whole sterile and hostile condi- 
tions A stage of general repressional evolution is thereby in- 
augurated and, in a comparatively short period, it is safe to 
assume, all or nearly all preceding species will have passed out 
of existence and new species, in a much more limited number 
but better adapted to the new conditions, will have been intro- 
duced.’’ 

As a result of warping, the continental platform is likely 
to be bordered by various embayments favorable to life, sepa- 
rated from one another by narrow shore tracts which largely 
prevent free migration of shallow-water life. Each embayment 
will therefore develop its fauna in measurable independence and 
each will become the generating area of a provincial fauna. If 
a time of quiescence and baselevehng now ensues, these embay- 
ments will grow into extensive gulfs and, as they join in a 
general epicontinental sea, the commingling of their expanding 
faunas may result in a new cosmopolitan assemblage These 
principles entered notably into Chamberlin’s discussion of the 
Silurian and Devonian faunas in Volume II of the textbook. 

The textbook also echoed and built upon Chamberlin’s classic 
“Habitat of the Early Vertebrates.” In a few pages of effec- 
tive flowing language he had portrayed the appearance of the 
fishes, the first known vertebrates, as one of the most abrupt 
and dramatic in the life history of the earth, and had proceeded 
to show in simple fashion, as if the whole story had been re- 
vealed to him, how perfectly the known facts fitted together to 
indicate that the earth’s vertebrate animals had their beginning 
not in the waters of the ocean, as generally had been supposed, 
but in running waters on land.*® The geological facts bearing 

“Journal of Geology. Vol VI (1898), pp. 604-05. 

*'On the Habitat of the Early Vertebrates.” Jour of Geol,, Vol. VIII 
(1900), pp 400-412 


^359 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS — ^VOL. XV 


on the problem were not so much marshalled in argumentative 
support of a thesis to be established as they were unfolded in 
proper succession, along with zoological observations, to give 
a clear picture which invited acceptance through its own 
inherent probability and remarkable harmony throughout. 

In flowing water, an animal must maintain its position against 
the current either by a contract of some resisting kind with the 
bottom of the stream, or by an effective mode of propulsion 
competent to meet the constant force of the current without 
undue draft on its vital resources. Otherwise it would be swept 
out to sea and its race would be ended as a stream-dweller. It 
is different with ocean currents, for they return upon them- 
selves and an animal may yield to them without losing its marine 
habitat; moreover, they are usually much feebler than river 
currents. 

“A compact form of body presents obvious advantages, except 
as environment or food or locomotion requires some departure 
from it, and the vast majority of animals are more or less ro- 
tund, and their locomotive devices are adjusted to this form. 
But the rotund form offers much resistance to rapid currents 
and unfits the animal for effective stream life unless it per- 
sistently hugs the bottom. Neither the rotund floaters and swim- 
mers like the ancient cephalopods, nor the cilliated sprawn of 
the sessile forms are well adapted to resist the unceasing pres- 
sure of a rapid stream, and these are practically absent from 
river faunas. 

'‘There is only one conspicuous type that is facilely suited 
to free life, independent of the bottom, in swift streams, and 
that is the fish-form. The form and the motion of the typical 
fish are a close imitation of the form and motion of wisps of 
water-grass passively shaped and gracefully waved by the pulsa- 
tions of the current. The rh3dhmical undulations of the lam- 
prey which perhaps best illustrates the primitive vertebrate form, 
and is itself archaic in structure, are an almost perfect embodi- 
ment in the active voice of the passive undulations of ropes 
of river confervae. The movement of the fish is produced by 
alternate rhythmical contractions of the side muscles, by which 
the pressure of the fish's body is brought to bear in successive 
waves against the water of the incurved sections. In the move- 
ment of a rope of vegetation in a pulsating current, it is the 
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pressure of the pulses of water against the sides of the rope that 
give the incurvations. The two phenomena are natural re- 
ciprocals in the active and passive voices 

“The development in the fish of a rhythmical system of motion 
responsive to the rhythm impressed upon it by its persistent 
environment and duly adjusted to it in pulse and force, is a 
natural mode of neutralizing the current force and securing 
stability of position or motion against the current, as desired. 
Beyond question the form and the movement of the typical fish 
are admirably adapted to motion in static water and that has 
been thought a sufficient reason for the evolution of the form, 
and so possibly it may be, but fishes in static water have not as 
uniformly retained the attenuated spindle-like form and the 
extreme lateral flexibility as have those of running water. 
Among these latter it is rare that any great departure from 
the typical ‘lines’ and from ample flexibility has taken place, 
while it is not uncommon in sea fishes. Among the latter not 
a few have lost both the typical form and the flexibility. The 
porcupine-fish, the sea-horse, the flounders, and many others are 
examples of such retrogressive evolution, which is doubtless ad- 
vantageous to them within their special spheres in quiet waters, 
but would quite unfit them for life in a swift stream. And if the 
view be extended to include the low degenerate forms, like the 
Ascidians, that are by some authors classed as chordates, the 
statement finds further emphasis. 

“It is not difficult for the imagination to picture a lowly 
aggregate of animal cells, still plastic and indeterminate in or- 
ganization, brought under the influence of a persistent current 
and caused to develop into determinate organization under its 
control, and hence to acquire, as its essential features, a spindle- 
like form, a lateral flexibility, and a set of longitudinal side- 
muscles adapted to rhythmical contraction, since these are but 
expressions of conformity and responsiveness to the shape and 
movement normally impressed by the controlling environment 
upon plastic bodies immersed in it. The necessity for a stiffened 
axial tract to resist the longitudinal contractions of the side 
muscles and thus to prevent shortening without seriously inter- 
fering with lateral flexibility, is obvious and is supplied by a 
notochord. Thus, by hypothesis, the primitive chordate form 
may be regarded as specific response to the special environment 
that dominated the evolution of a previously indeterminate an- 
cestral form. 

“In this larger application of the interpretation herein sug- 
gested, the chordate phylum is made to be essentially from first 
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to last a terrestrial race, whose main habitat was the land waters 
and the land itself, though still a race that sent its offshoots 
down to sea from time to time from the mid-Paleozoic onwards.^ ^ 

These five paragraphs constitute the most hypothetical portion 
of the article, and that the hypothetical element was large was 
duly recognized by Chamberlin who was careful to state that 
the problem at that time admitted of no other than hypothetical 
treatment. Thirty years have since lapsed and the problem 
is essentially where Chamberlin left it. But the original article 
and the textbook exemplification of it have been notable contri- 
butions to one of the big problems of the evolution of living 
forms. 

The textbook v;as the fruition of many years of research and 
teaching experience. Both authors were teachers of exceptional 
power and effectiveness. Chamberlin used the Socratic method 
in earlier years and with the occasional undergraduate class 
which he continued to teach nearly to the appearance of the 
textbooks; his later classes were exclusively graduate and to 
these he lectured, with an impressive command of the subject 
matter, upon the principles and theories of geology. Salisbury 
followed the Socratic method almost exclusively, and was recog- 
nized as one of the most outstanding teachers in the University. 
He was nearly at his best when the textbooks appeared. So the 
three-volume “Geology^' served to extend widely the classroom 
spirit and intellectual methods of its authors, and through these, 
as well as by the great original contributions within its pages, 
it helped notably to mould American geologic thought. 

THE MISSION TO CHINA 

With that far-reaching vision which characterized so many of 
his benevolences, Mr. John D. Rockefeller conceived the idea 
of doing something worthwhile for the Chinese people. A 
sum, adequate for a commission to visit China, reconnoiter the 
ground, and prepare recommendations, was entrusted to the 
University of Chicago. The University's choice of commis- 
sioners to conduct this survey of China and its needs fell upon 
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Ernest D. Burton and T. C. Chamberlin — two men selected from 
widely different spheres of thought to combine their humanistic 
and scientific experience in a balanced team. Horace G. Reed 
and Rollin T. Chamberlin were appointed assistants. Professor 
Burton and his assistant encircled the globe traveling eastward 
and studying conditions in India en route, while the Chamber- 
lins, to bring a different point of view, went westward, the whole 
party assembling in Shanghai at the beginning of February, 
1909. For nearly five months thereafter the commission trav- 
ersed China by rail, river boats, sedan chairs, and Peking 
carts, studying fifteen of the eighteen provinces of China proper 
and making short excursions into Mongolia and Manchuria. 

Chamberlin was profoundly impressed by the industry, thrift, 
and practical good sense of the Chinese people, who, m spite of 
strange superstitions and weak civic and nationalistic spirit, have 
steadily maintained their civilization for forty centuries during 
which many an oriental and western civilization has budded, 
flowered, and gone into decay. Entering into the project in 
hand with great enthusiasm, many a day on the march and after 
dark before the flickering flame of a tiny nut-oil lamp in some 
rustic Chinese inn, he unfolded to his companions the dreams 
and plans which came to his fertile mind. He drew lines for 
railroads, visioned in detail more scientific utilization of natural 
resources, mineral and agricultural, grappled with the appli- 
cation of western medical practice and research to the conserva- 
tion of human life, and thrashed over the many possible ways 
of blending eastern and western educational methods and in- 
stitutions so as to yield the best prospective results in the Chinese 
environment. His idea throughout was to graft, as far as pos- 
sible, improvements and innovations on what already existed 
and to plant anew as little as possible, thus avoiding the sem- 
blance of revolutionary changes. 

The commission visited the various viceroys and other high 
government officials to discover their general attitude toward 
foreign cooperation, sought their opinions and suggestions, and 
established good working relations with Chinese officialdom. 
Government schools were carefully investigated. The foreign 
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mission schools and missionaries contributed, on their side, the 
practical experience and conclusions growing out of many years 
of work and struggle with Chinese problems. Chinese and for^ 
eign views were quite diverse, but together they disclosed 
fairly the needs and opportunities, the strong and the weak sides 
of the Chinese people and institutions, and the desirable and 
undesirable forces and tendencies then in operation in China. 

But Chamberlin was too highly original a man to rely prin- 
cipally on the opinions of others when given carte blanche to 
make recommendations for something new of large proportions 
whose potential possibilities depended in considerable part on 
the judgment and constructive ideas of the commission The 
commissioners must see China with their own eyes and in the 
final analysis build chiefly on their own observations. 

Their climacteric excursion was up the Yangtze Kiang into 
far western China to the borders of the great mountains which 
buttress Tibet on the east. For thirty-nine nights, going and 
coming, Chamberlin slept afloat this great river and its tribu- 
tary, the Min, mostly in native house-boats. The stupendous 
gorges above Ichang, where the river has cut through a folded 
mountain range, claimed a full week on the up journey in spite 
of favorable winds and a bonus to the boatmen for their best 
speed. Exposure of the whole Paleozoic stratigraphic section of 
central China in the canyon walls, with glacial tillite at the base 
of the Cambrian system, however, compensated the geologist 
for this enforced vacation from educational investigation. 

Subsequently, four hundred miles in fourteen days across the 
Red Basin of Szechuan in sedan chairs took the commission 
through one of the loveliest garden spots on the face of the 
globe. Though sixty-five years of age, Chamberlin did much 
of this on foot for more intimate contact with the country and 
the people. The marvelous terracing of the hillsides, the inten- 
sive cultivation of the soil with utilization of plant reciprocities 
to secure the simultaneous cooperation of plants well fitted to 
one another so as to yield the farmer three to five crops a year, 
the simple but clever inventions of the Chinese, and the never- 
failing picturesqueness of the daily scenes, were a constant 
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source of delight to him. Here was an old civilization un- 
affected by influences from without. Its inherent strength was 
plainly manifest, yet disease was rampant and dread epidemics 
swept away droves of people from time to time. In sanitation 
and in medical practice these people were still in the Dark Ages. 
The prompt cures by even such simple antiseptics as the mem- 
bers of the commission applied to the festering wounds and 
sores of several of their chair-bearers and boatmen astonished 
the natives The white man's magic was plainly needed. 

The commission eventually submitted a report of 977 pages 
covering the general outlook, the educational needs and the op- 
portunities for large philanthropic work in China. The out- 
come of the report was a decision to concentrate effort in the 
field of medical science. The splendid Peking Union Medical 
College of the Rockefeller Foundation is now the tangible ex- 
pression of this decision. 

Their mission in China accomplished, the Chamberlins en- 
trained at Mukden for Moscow in June, 1909. Ten days on the 
trans-Siberian tram gave a much-needed rest, but the months 
of primitive travel and poor food had taken their toll. The 
first symptoms of serious stomach trouble, which was to afflict 
Chamberlin from time to time through the remainder of his 
life, now appeared. Slowly forming cataracts had already com- 
menced to dim and blur his vision. A projected trip into 
Turkestan had to be abandoned, but father and son then zig- 
zagged over much of Europe from the North Cape of Norway 
to Italy, Hungary and Roumania on the south, and from the 
Urals to the Atlantic, crossing as many of the mountain ranges 
as they could for a general picture of the orography and tec- 
tonics of Europe. 

The expedition to China marked the final stage of Chamberlin's 
active field work. Well over six feet in height, of large frame 
which carried more than two hundred pounds, he was powerful 
physically, and the vigor which he displayed in tramping the 
paved paths of China seemed to show that he had lost little of 
his physical prowess with the advance in years. He felt fit and 
thought little of fatigue. But the break in health which began 
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unexpectedly on the return across Siberia with stomach ulcer- 
ation and severe attacks of sciatica, gradually grew worse and 
at several times during the next three or four years his condi- 
tion occasioned alarm Eventually skillful treatment prevailed 
and during the last fifteen years of his life his health slowly 
improved except for steadily failing eyesight. 

PHILOSOPHY OF CORRELATION 

Our knowledge of the history of the earth has grown 
gradually by fitting together the local histories of small areas 
studied in detail, but as yet the general story is very incomplete. 
Most crucial and also most difficult has been the correlation of 
events in widely separated regions. An early advance in work- 
ing method was the division of time into geologic periods based 
on major events of the earth’s history. As the underlying 
reasons and basis for the division into geologic periods came to 
be better understood, the classification and correlation of events 
took on a new meaning. In 1874, J. S. Newberry had recognized 
the fact that the transgressions of oceanic waters on the con- 
tinents and the resulting marine sedimentary accumulations 
have been cyclical in nature. In Volume I of the Geology of 
Wisconsin (1883) Chamberlin defined the typical geologic 
period to provide background for his treatment of the Paleozoic 
systems of Wisconsin, and presented a clear picture of the 
sequence of events which normally occurs during a period. 
‘Tdeally there might be said to be three main epochs in each 
period: (i) that of advancing waters and coarse detrital de- 
posits; (2) that of deep waters and limestone deposits; and (3) 
that of retiring waters and mixed shaly deposits ; but practically 
such ideal S3anmetry is usually broken by minor oscillations and 
irregularities of movement.’’ 

Fifteen years later he took up the philosophy of correlation 
in the first of a long series of fundamental studies. 

The most vital problem before the general geologist today 
is the q uestion whether the earth’s history is naturally divided 

Geology of Wisconsin Vol. I (1883), P- 210. 
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into periodic phases of world-wide prevalence, or whether it is 
but an aggregation of local events dependent upon local condi- 
tions uncontrolled by overmastering agencies of universal dom- 
inance. That there were no universal breaks in sedimentation 
or in the fundamental continuity of life is not only admitted 
but affirmed without hesitation ... If, therefore, we seek for 
absolute divisions we doubtless seek in vain. But this does not 
dismiss the question whether the continuity of physical and vital 
action proceeded by heterogeneous impulses or by correlated 
pulsations. If the latter, then the history of the earth, when 
deciphered, will assume a rhythmical periodicity susceptible of 
natural classification and of significant and rational nomen- 
clature; if the former, the contradictory phases of local actions 
will inhibit all but the most general unity and render classifi- 
cation and nomenclature either arbitrary or provincial.” 

Chamberlin believed that the evidence strongly favored peri- 
odicity of the larger movements. The major movements of the 
earth’s surface seemed to him to have been the sinking of the 
ocean bottoms and the withdrawal of the shallow epicontinental 
seas into the deepened basins. A case for the sinking was found 
in the force of gravity operating on the material of the earth’s 
interior to produce rearrangement in more compact form. Quite 
different this was from the prevalent idea of contraction of the 
earth due to cooling from a molten condition. In the general 
process of rearrangement of matter in favor of greater density, 
the oceanic segments, being larger and of heavier material, sank 
most and the smaller and lighter continental segments sank 
less, thus increasing the topographic relief between the ocean 
basins and the continental protuberances. In the downcrowd- 
ing process, the weaker, lighter continental segments were 
squeezed between the stronger, heavier oceanic segments and 
their borders in particular were wrinkled into mountain ranges. 

Emergence and deformation of the continents in this manner 
take place with relative rapidity apparently when gradually ac- 
cumulating stresses finally reach the yielding point of the 
materials. Then accompanying withdrawal of the shallow seas 

“ The Ulterior Basis of Time Divisions and the Classification of Geo- 
logic History. Jour, of Geol , Vol. VI (1898)1 PP- 449 ' 5 ^ 
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interrupts the marine stratigraphic record. Land areas become 
extensive and locally the topographic relief is high. Climates 
become diversified and plants and animals are subject to the 
stress of changed environmental conditions. The whole com- 
bination of interrelated events is a diastrophic revolution involv- 
ing and affecting geologic and biologic processes to an excep- 
tional degree. An old period has been brought to an end and 
a new one begins. 

Erosive processes now attack the rejuvenated lands with maxi- 
mum vigor and in time reduce them to lowlands and extensive 
sea-level plains Sands and muds carried to the ocean displace 
their volume of sea water. Sea level rises and shallow waters 
advance widely upon the bevelled land surfaces. Extensive 
sedimentary deposits accumulate on the continents constituting 
a geologic rock system. Climates are mild and life in general 
thrives. Such conditions develop slowly and continue for a long 
time. Eventually, growing stresses within the earth bring on 
another diastrophic revolution; the geologic period is ended, 
and another cycle is inaugurated. 

So basic are these principles in fundamental geologic philos- 
ophy, that Chamberlin's own words may be repeated for further 
exemplification.**^ 

'T trust that many of you will agree that, in general, the re- 
latively upward movements of diastrophism have been located 
continuously in the continents, and the broad downward move- 
ments continuously in the ocean basins, and that, setting aside in- 
cidental features, the dominant effect of the successive diastrophic 
movements has been to restore the capacity of the ocean basins 
and to rejuvenate the continents. This conclusion seems to me to 
be strongly supported by the general course of geologic history, 
wherein sea-transgressions and sea-withdrawals have constituted 
master features. Perhaps our firmest ground for this convic- 
tion is found in the present relations of the continents and the 
sea basins. If heterogeneity had dominated continental action 
in the great Tertiary diastrophisms, the results should stand 
clearly forth today. Some continents should show recent gen- 
eral emergence, while others should show simultaneous general 

"Diastrophism as the Ultimate Basis of Correlation. Jour, of Geol, 
Vol. XVII (1909), PP. 688-92. 
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submergence. The dominant processes today should be those 
of depressional progress, on the one hand, and those of ascen- 
sional progress, on the other. As a matter of fact, all the con- 
tinents are strikingly alike in their general physiographic attitude 
toward the sea. They are all surrounded by a border-belt, over- 
flowed by the sea to the nearly uniform depth of lOO fathoms. 
These submerged tracts are all crossed by channels, implying a 
recent emergent state. None of the continents is covered widely 
by recent marine deposits, and yet all show some measure of 
these. Wide recent transgressions in one part do not stand in 
contrast with great elevations in another Even beyond what 
theory might lead us to expect, when we duly recognize the 
warping incidental to all adjustments, the recent relations of the 
continents to the seas conform to one type. The 10,000,000 
square miles of continental margin, now submerged, is dis- 
tributed around the borders of all the continents with a fair 
degree of equability. May we not, therefore, agree that m 
the world-wide phases of diastrophic movements, the basins 
have been additionally depressed and the continents repeatedly 
rejuvenated. 

'Tt is important that we should agree, or agree to disagree, 
on one further point. Have diastrophic movements been in 
progress constantly, or at intervals only, with quiescent periods 
between? Are they perpetual or periodic? The latter view pre- 
vails, I think, among American geologist^. This view has ac- 
quired special claims since base-leveling has come to play so 
large a part in our science, for it is clear that the doctrine of 
base-leveling is specifically inconsistent with the doctrine of 
perpetual deformation, for the very conditions prerequisite to 
the accomplishment of base-leveling involve a high degree of 
stability through a long period. The great base-levelings, and 
the great sea-transgressions, which I think are little more than 
alternative expressions for the same thing, have, as their funda- 
mental assumption, a sufficient stability of the surface to permit 
base-leveling to accomplish its ends. Shall we not therefore 
agree that there has been periodicity in the world-warping def- 
ormations? Let this not be held with such exclusiveness that 
we fail to recognize duly the effects of the adjustment of minor 
stresses, at other times. These may be preliminary of after- 
effects of the larger movements, or they may be due to local 
stresses more or less independent of the general body-stresses. 
These quite certainly have been present, and have produced 
intercurrent departures from the strict tenor of the great sys- 
tematic movements. 
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''Correlation by general diastrophic movements takes co^i- 
zance of four stages . ( i ) the stages of climacteric base-leveling 
and sea-transgression, (2) the stages of retreat which are the 
first stages of diastrophic movement after the quiescent period, 
(3) the stages of climacteric diastrophism and of greatest sea- 
retreat, and (4) the stages of early quiescence, progressive deg- 
radation, and sea-advance, 

“(i) The characteristics of the climacteric stage of base- 
leveling and sea-transgression need little further characterization 
here, for the function of base-levels is known to all American 
geologists and the function of great sea-transgression to every 
stratigrapher and paleontologist. We have in base-leveling con- 
joined with sea-transgression, just that combination of agencies 
which is competent to develop the broad epicontinental seas of 
nearly uniform depth requisite for an expansional evolution of 
shallow-water life. At the same time, it furnishes for wide 
migrations and the comminglings that lead to cosmopolitan 
faunas of the shallow-water type. 

"(2) The stages of initial diastrophism and sea-retreat find 
their criteria in the deposits that spring from an increased 
erosion of the deep soil-mantles accumulated in the base-level 
period, in the effects of increasing turbidity, in the lessening 
areas suitable for the shallow-water life, and in the limitation 
of migration. 

"(3) The climacteric stages of diastrophism are marked by 
the stress of restrictional evolution among the shallow- water 
species; by increased clastic deposition in land basins, on low 
slopes, and on sea borders, by great land extension, but often, 
perhaps dominantly, by diversity of land surface and by liability 
to climatic severities and diversification. Arealy, land life is 
favored, but it is hampered by the climatic and topographic 
diversities, and these may prove graver obstacles to migration 
and intermingling than even the tongues of sea that previously 
traversed the land surface. Correlation by glaciation in these 
stages is likely to prove a valuable adjunct, but we must first 
test our criterion, for we are not as yet quite sure that con- 
temporaneity of glaciation is inferred on reliable grounds. The 
shallow- water life of the diastrophic stages is driven into narrow 
border tracts and into local embayments, and is thus forced into 
special adaptations and into narrowly provincial aspects. 

"(4) The early stages of quiescence and of base-leveling, with 
advancing seas, are peculiarly fruitful in biological criteria, for 
they are marked by re-expansions of the narrowly provincial 
shallow-water faunas of the previous stages. The progressive 
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development of these provincial faunas and their successive 
unions with the faunas of neighboring provinces, as these come 
to coalesce by means of the progressive sea-advances, form one 
of the most fascinating chapters in life evolution, and give some 
of the most delicate of criteria for correlation. 

“We are accustomed to look to the life record as our chief 
means of correlation. Its very high utility is quite beyond 
discussion. Thoughtful students, however, recognize that the 
paleontological record is based, in an essential way, on stratig- 
raphy and that it is corrected and authenticated by the precise 
place the life is found to occupy in the stratigraphical succes- 
sion Stratigraphy and paleontology thus go hand in hand, each 
sanctioning the other. Diastrophism lies hack of both and fur^ 
nishes the conditions on which they depend!' 

Hence Chamberlin's dictum: Diastrophism is the ultimate 
basis of classification and correlation. 

THE ORIGIN OF LIFE 

A radically new story of the parentage and birth of the earth 
having appeared in the planetesimal hypothesis, a new inter- 
pretation of its juvenile and mature activities was required. 
To this and to the working out of a comprehensive geologic 
philosophy on the new lines, Chamberlin devoted his later years. 
The newly opened leads naturally carried him into many dif- 
ferent fields, one of which was the beginning of life on the 
earth. 

An earth built up by accretion of planetesimals naturally pre- 
sented very different surface conditions from one solidifying 
from a molten state. Instead of being entirely of crystalline 
igneous rock, the surface material of the youthful earth on the 
new basis was in part igneous, in part sedimentary and in part 
a heterogeneous assemblage of planetesimal matter of com- 
position not radically different from that of the meteorites fall- 
ing in today. This was the starting point. Rather opportunely 
an investigation of the gases obtained from heating meteorites 
in vacuo made during a larger study of the gases in rocks, 

’^^Rollin T. Chamberlin, The Gases in Rocks Publication No. io6, 
Carnegie Institution of Washington (1908), p. 80. 
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brought forth some facts seemingly of much significance. Me- 
teorites were known to contain carbides, nitrides, sulphides, 
phosphides, and hydrocarbons, and it was noted both that these 
peculiar compounds are unstable on the surface of the earth, 
and that they include the particular elements which comprise 
living tissue and are essential to life. Furthermore, these un- 
stable compounds of the elements essential for life were, accord- 
ing to the planetesimal hypothesis, commonly intergrown, or 
otherwise closely associated with one another, so that the prod- 
ucts of any reactions that might grow out of their instability 
would be favorably located for reaction upon one another. 
Particularly significant, therefore, was the close intergrowth of 
these compounds of the organic elements in states of combination 
which, while stable in the cosmic regions surrounding the earth 
from which the planetesimal material was gathered, were pro- 
nouncedly unstable in the presence of air and water, even at the 
ordinary temperatures at which organic synthesis takes place. 
On the earth these compounds would inevitably have participated 
in chemical reactions giving rise to other combinations of the 
elements critical to biologic activity."^® 

With his characteristic thoroughness of treatment of prob- 
lems, Chamberlin proceeded to analyze the environmental con- 
ditions that would have favored organic synthesis on the youth- 
ful earth. The open ocean seemed to him unfavorable for the 
start of life, for there diffusion and dilution of the products of 
reactions would prevail. But on the other hand, the porous 
mantle of the land areas, supplied by planetesimal infall with 
unstable carbides, nitrides, phosphides, and sulphides steadily 
undergoing transformation into more stable compounds and 
generating during this process hydrocarbons, ammonia, hydro- 
gen phosphide and hydrogen sulphide gases mingled with the 
ordinary gases carried by the planetesimals, furnished excep- 
tional opportunities for interactions and combinations. 

C Chamberlin and R. T. Chamberlin, Early Terrestrial Condi- 
tions that may have favored Organic Synthesis, Science, Vol. XXVIII 
(1908), pp. 897-911, 
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For specific illustration, Chamberlin selected a porous soil 
mantle situated alongside of a permanent body of water of ap- 
propriate salinity. In such an environment he envisioned many 
natural processes likely to cooperate in synthetic activity. Among 
these were percolation of water conditioned by a fluctuating 
water table due to accessions and evaporation, capillary action, 
osmosis, catalytic action, polymerization and other possible ac- 
tivities. Possible roles which might be played by these were 
portrayed tentatively to deploy the problems in detail, but with 
constant reminders that nothing more than hypothetical sug- 
gestion was in mind. 

What was attempted, however, was to indicate that in the 
early stages of the earth’s development, according to the planet- 
esimal hypothesis, the appropriate chemical elements, predis- 
posed to enter into new combinations, were brought together in 
environments and under conditions singularly favorable for 
organic s)mthesis in the direction of primitive life. It was 
shown also that later, when planetesimal infall slackened, the 
opportunities for inception of life in this manner were greatly 
reduced. Chamberlin believed that the geologist’s proper contri- 
bution to the problem of life beginnings on the earth was to 
handle the available stage settings for the start of the life 
story. This seemed to be accomplished by presenting a com- 
bination of inorganic processes operating on the necessary 
materials under conditions of such exceptional nature that they 
might have led into the realm of the organic. But to supply 
the vital spark of life which actually started the drama of life 
and kept it going falls naturally into the province of the biologist 
or the bio-chemist. 

THE ORIGIN OF THE EARTH 

When the planetesimal hypothesis was about fifteen years old 
and had become widely known from the textbooks and technical 
articles by its two authors, Chamberlin yielded to the request for 
a less technical presentation of the hypothesis in book form. 
The outcome was his little book, “The Origin of the Earth,” 
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which was published in 1916. To tell the story simply but well 
was his endeavor. For a better understanding and a more inti- 
mate contact, he took his readers into his workshop to show them 
the tools with which he had worked, and how, step by step, the 
investigation had been carried on. By relating how some efforts 
had proved futile and how various paths had led to no useful 
results he revealed the fullness of his explorations, unproductive 
as well as productive, and the persistency of his search for the 
truth, 

‘'The Origin of the Earth’’ typifies Chamberlin’s manner of 
unfolding a theme to the serious lay reader. The treatment 
throughout is direct and forceful, but the wealth of ideas and 
the rich literary style make the book far from light reading for 
either the scientific or the linguistic student. The reader must 
take it at its own level, for the author never allowed himself 
to lower his standards, though he simplified as much as possible 
by avoiding technical terminology. 

The evolution of the planetary system and the juvenile shap- 
ing of the earth and its reorganization may be considered the 
key topics of the volume. The first is the planetesimal hypoth- 
esis, already considered ; the others are the earth’s growth and 
youthful development, worked out in accordance with that 
hypothesis and the state of geologic knowledge at the time. The 
infall of planetesimals, the holding of an atmosphere close about 
the young earth, and the gathering of its primitive waters into 
its surface hollows were the three concurrent activities which 
gave direction to the planet's growth and thus dominated its 
later career. The cooperation of this triumvirate — ^the litho- 
sphere, hydrosphere and atmosphere — in the progressive shap- 
ing of the earth’s surface is an intricate story partly told in this 
book but more fully developed in later publications 

Changes in the rate of rotation, as the planet grew by adding 
to itself the planetesimals, set up stresses which analysis seemed 

Study of Fundamental Problems of Geology: The Growth of the 
Earth, Carnegie Institution of Washington, Yearbook No. 25 (1926), 
PP 372“fi7. 
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to show might lead to a primary segmentation of the earth body. 
Modifying atmospheric and hydrospheric influences also came 
into play The finer and lighter planetesimal materials floated 
longest in the atmosphere and were brought down by rain and 
snow especially in the regions of greatest precipitation. These 
being dominantly the land areas, judged by analogy with present 
precipitation, such areas gradually came to be built up of mate- 
rials slightly less in specific gravity than those falling on the water 
areas. Slight though these differences in specific gravity were, 
they were perpetuated and increased by selective action of the 
hydrosphere. The lands suffered weathering and wash, and the 
dissolved portions were added to the oceans, either to remain in 
solution in their waters, or to be deposited on their bottoms. 
The residual material left on land was richer in silica and alu- 
minum and consequently of lower specific gravity than the more 
soluble compounds of calcium, magnesium, sodium, and potas- 
sium which found their way to the sea. Small as were the dif- 
ferences in density thus brought about, the separating processes 
were long in operation during the later growing stages of the 
earth, and tended to develop sub-oceanic segments of greater 
density than continental segments. Reorganization of the ma- 
terial, local liquefaction, and magmatic segregation proceeded 
in their appropriate ways in the natural course of events. In 
subsequent deformations of the globe the heavier oceanic seg- 
ments were especially prone to sinking, thus accentuating the 
ocean basins and leaving the lighter continental segments stand- 
ing progressively higher and more sharply differentiated. In this 
way the foundations were prepared for the ensuing geologic 
story. 

DIASTROPHISM AND THE FORMATIVE PROCESSES 
The autumnal years of Chamberlin’s life were given in con- 
siderable part to gathering in some of the slowly ripening fruits 
of the planetesimal hypothesis. The most systematic harvesting 
consisted of a series of fifteen articles under the heading, 
'‘Diastrophism and the Formative Processes,” which appeared 
in the Journal of Geology between 1913 and 1921, The planet- 
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esimal cosmogony had opened the way for the evolution of an 
elastico-solid earth, though it did not exclude the possibility of 
a molten earth or even the probability that molten and gaseous 
states may dominate planets much more massive than the 
earth. '‘The long, slow growth of the main mass of the planet 
offers rather strong presumption of a relatively cool, solid 
accretion attended by heterogeneities of composition and differ- 
entiations of accession and crystalline organization that were 
never smoothed out by liquefaction, but have remained of the 
same type as those now presented by the earth.” The concept 
of an elastico-solid earth implied an organization and subsequent 
development very different from that of the liquid globe based on 
the Laplacian hypothesis. To Chamberlin this concept seemed 
to avoid many embarrassing difficulties with which he had strug- 
gled for years and, as he tested the different possibilities, it was 
gratifying to find that the new lines grew increasingly fruitful 
in leading to further discoveries. 

Shrinkage of a cooling earth had been found to be inadequate 
to produce the surface corrugations observed in the many belts 
of mountain folding. And yet, following the molten globe 
hypothesis, about all the shrinkage left to be registered in the 
rocks would have been the meager amount that might have re- 
sulted from cooling for, with the passage of the earth substance 
from the assigned gaseous to the liquid state and thence at length 
to the solidifying state, a large part of all possible adaptation to 
the demands of pressure should have taken place before the 
record of disastrophism began. Furthermore, cooling would 
have been opposed by an embarrassing supply of heat from 
radioactive processes. 

On the other hand, an earth built up slowly by the accession 
of solid particles would have retained very nearly its maxi- 
mum resources of combination, adjustment, and compression. 
Such an earth was potentially capable of great compacting and 
consequent deformation. Chamberlin sought the probable order 
of magnitude of the shrinkage of the earth by comparing our 
planet with neighboring members of the solar system. The 
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moon, whose mean radius is 1080 miles, has an average specific 
gravity of 3 34; Mars, whose radius is 2170 miles, has a specific 
gravity of 3.58; Venus, whose radius is 3851 miles, a specific 
gravtiy of about 4.85 ; and the earth, whose radius is 3959 miles, 
a specific gravity of 5.53. If these four bodies were built up by 
the ingathering of planetesimal material of essentially the same 
density, and if the progressive increase of density with increas- 
ing size of the body be the result of greater compaction under 
greater pressures, the shrinkage in volume may readily be com- 
puted. Chamberlin found that an earth built up of moon 
material of density 3 34, if changed to the earth’s density of 
5 -S 3 by rearrangement of matter under pressure, would have 
undergone a circumferential reduction of 4555 miles, corre- 
sponding to a radial shortening of 725 miles. Perhaps more sur- 
prising was the fact that in changing from the size and density 
of Venus, a stage in which 80 per cent of the growth of the 
earth had already been attained, to that of the present earth a 
circumferential shrinkage of 1112 miles would have resulted. 
Apparently it might reasonably be concluded that the rate of 
shrinkage per unit increase of mass was greatest in the final 
stages of the earth’s growth. 

Although some of the greater density of the earth may have 
been due to heavier planetesimal material than that which went 
into the moon and the other planets,^^ the amount of shrinkage 
deduced was so great as to appear ample for all the crustal short- 
ening implied in the contorted rock formations. The planetesi- 
mal earth thus possessed adequate potentialities for crustal def- 
ormation. A basis for diastrophism was thereby provided 
though Chamberlin left the specific activities and modes of con- 
centration for more complete analysis in the concluding article 
of the series : ''The Self-Compression of the Earth as a Problem 
of Energy.” 

Reasons, however, were advanced for thinking “that if the moon. 
Mars, Venus and the earth were built up normally by the planetesimal 
method, they should contain proportions of inherently heavy material in 
the inverse order of mass.” 
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The series ‘‘D'iastrophism and the Formative Processes^’ did 
not attempt a consecutive presentation of its author’s philosophy 
of diastrophism. Many phases of that philosophy had been 
adequately presented before and some of them have already 
been considered briefly in this memoir. Rather was it a suc- 
cession of critical essays on selected phases which Chamberlin 
wished to develop and extend beyond previous treatments. In 
particular, he gave much attention to the geologically significant 
interplay between diastrophism and the activities of the sea. The 
rejuvenation of the continents, their essential permanence as 
major relief features of the globe, the lateral stresses within the 
continental proturberances and their relations to continental 
creep and sea-transgression, the growth of the continental 
shelves, and the significance of the shelf-seas covering them, 
stood forth as subjects of prime consideration. 

The geologic record shows that long periods of relative quies- 
cence, during which the lands have been reduced to peneplains 
of wide expanse, have occurred from time to time. It is equally 
apparent that the base-leveling process cannot normally reach 
the stage of an advanced peneplain if continuous warping of the 
crust is in progress. On the contrary, the crust must hold an 
approximately static attitude long enough for the gradational 
processes to accomplish the results observed. The conclusion is 
clear that continental uplift has not been a continuous, steadily 
progressive process, but that it has recurred at such wide inter- 
vals as to permit in the meantime planation nearly to base- 
level with consequent evolution of shelf-seas and extensive in- 
undations of the continental areas. All this seemed to Cham- 
berlin to imply an elastic, rigid earth of sufficient strength to 
allow an accumulation of stress over a long period without 
notable yielding until, finally, easement of the stresses took place 
in a diastrophic revolution. The major diastrophic movements, 
according to the record, have been episodic in nature recurring 
between long periods of relative stability. 

During times of stability, deposition of sediment on the outer 
slopes of the continental platforms built up continental shelves 
and extended them into the ocean basins. Chamberlin regarded 
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shelf-sea work as pre-eminently a process of terracing' and the 
continents as pre-eminently the great terraces of the globe. Be- 
tween the episodes of diastrophism the shelf-seas spread widely 
over the continents, extending the marine sedimentary deposits 
and affording opportunity for the evolution of shallow-water 
marine faunas. “The picture of the continents as essentially 
terraces wrought upon diastrophic embossments is no doubt the 
truest that can be found, and the contest between the diastrophic 
forces that emboss by protrusion and the gradational forces that 
terrace by planation and shelf-building, the chief physical battle 
of geologic history.'’ 

From the planetesimal hypothesis, followed logically through 
its natural chain of consequences under strict guidance from the 
testimony of the earth’s past and present behavior, arose the 
foundations for a consistent, systematic interpretation of geo- 
logic history. Most fundamental was diastrophism for which 
the h3q)othesis afforded a ready cause and modus operandi, aris- 
ing from the very nature of the postulated mode of the earth’s 
growth. Chamberlin fitted in harmoniously the processes of 
vulcanism and made new contributions in that field. Cooperating 
with diastrophism in some ways and operating directly against 
it in others, the gradational processes played their appropriate 
part, as he brought out in masterly fashion. These in turn in- 
fluenced earth climates in varying degree, and finally the whole 
combination, directly or indirectly, exerted a powerful control 
on the evolution of life. 

The keynote of this series of articles was diastrophism in the 
large, for which Chamberlin coined the word, “megadiastro- 
phism,” to set it over the subsidiary manifestations of lesser 
magnitude ordinarily connoted by the term, “diastrophism.” 
Few subjects have greater complexity or more ramifications, 
the mere enumeration of which reaches formidable proportions. 
To bring together some of the more essential developments and 
conclusions was Chamberlin’s objective in the next to the last 
number of the sequence, which he called: “Groundwork for the 
Study of Megadiaatrophism. Part I. Summary Statement of 
the Groundwork Already Laid.” This was a succession of sev- 
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enty-seven separately numbered propositions or paragraphs^ 
each one of which reads like the abstract of an independent 
paper. A vast field was tilled in these seventy-seven furrows, 
which the plowman felt he had merely seeded for valuable crops 
to come in the future. 

THE TWO SOLAR FAMILIES 

Chamberlin’s last publication was his booklet “The Two Solar 
Families.” This was started as a revision of “The Origin of the 
Earth” at the request of the University of Chicago Press. But 
he soon found that his ideas had developed so greatly since the 
appearance of the earlier volume that two books would be re- 
quired to cover the ground at all adequately. In the first he pro- 
posed to delineate the origin of the solar system, and in the second 
to present the growth of the earth. The first he completed ; the 
second remains unfinished. 

“The Two Solar Families” is the story of the sun^s children. 
In an introduction, scarcely surpassed for beauty in the whole 
realm of scientific writing, we are told that the progeny of the 
sun belong to two families — the Planetary Family, embracing 
the planets, planetoids, and satellites, and the Cometary Family, 
comprising the comets, chondrulites, and meteorites. One parent 
was common to both families ; the other was the chief differen- 
tiating factor. A passing star, the planetary family^s stellar 
father, called forth larger masses of sun substance than the sun 
was accustomed to give forth at other times and gave the plan- 
etary offspring relatively robust constitutions and orderly habits 
of behavior. The cometary family came from feebler coopera- 
tion on the part of the starry host outside the solar system and 
fell heir to too much of the turbulence and the fiery antagonisms 
of the sun, and to too little of the steadying orbital energies of 
the starry group outside. “The planets, planetoids and satellites 
are plain plodding children compared with the comets, the 
meteors, and the meteorites. But the lives of the latter seem 
to be as notably short as they are spectacular and reckless in the 
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wastage of their energies, while the lives of the former seem 
likely to be as long as they are modest, steady, and exemplary in 
the husbanding of their energies ” 

Among the changes in point of view from the earlier volume 
it is to be noted that the planetesimal hypothesis has become 
entirely divorced from the spiral nebulae which at one time had 
seemed to show family relationship. Much more important 
have become the spheres of activity, or spheres of control, of 
the sun and the individual planets, embracing both spheres of 
gravitative control and spheres of eifective light pressure. The 
relative strengths of the pull of gravity and the push of light 
and other repellent forces of the sun distinguish the dynamic 
zones of the solar system. For small, light particles near the 
sun the repulsive forces overmatch the sun’s gravitation and 
drive such particles away from the sun. Chamberlin saw in 
this a possible explanation for the striking fact that the four 
inner planets have grown less and are of higher specific gravity 
than the outer planets. He differentiated four d3mamic zones 
concentric around the sun. The inner two he described as 
follows: 

“I The first constitutes the inner environment of the sun. 
It embraces the orbits of the small, naked or slightly clothed 
planets, Mercury, Venus, Earth, Mars, and the planetoids. The 
repellent agencies effectively drive out of this zone free mole- 
cules and fine dust, except as they are held by the superior attrac- 
tions of Venus, Earth, and Mars. Comet's heads suffer wastage 
and depletion while traversing this zone. Tail-stuff is developed 
from comet heads and driven out of this zone with great velocity. 
At the same time it seems to have been possible for small planets, 
planetoids, and satellites to assemble, to survive their ‘perils of 
infancy,' to grow to their present states, and to give promise of 
living on to unknown lengths in spite of all solar repellency. 
These planetary bodies even seem to have thrived under condi- 
tions that were hostile to the comets. 

“II. Outside this inner environment of the sun lies the zone 
of the great gaseous planets, Jupiter, Saturn, Uranus, and Nep- 
tune In this zone the selective solar repellency seems to be 
much abated. There seems to be greater tolerance of gases, 
and there certainly was greater gaseous growth." 
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To accord with the observed natural division of the planets 
into two groups, an outer one of four large low-density planets 
and an inner one of four small high-density planets, Chamber- 
lin suggested that the large outer planets arose from projectiles 
shot toward the passing star and that the smaller inner planets 
arose from projectiles shot in the opposite direction from the 
remote side of the sun. These two groups of four bolts each he 
supposed to represent the systematic response of the sun to the 
differential attraction of the star as it passed obliquely over the 
sun’s two specially eruptive belts on either side of its equator. 
“It is assumed that there were two shots toward and two shots 
from the star in crossing each belt, making, in all, four great 
missiles sent far out past the star in its rear and four smaller 
missiles shot shorter distances from the opposite belts on the 
far side of the sun. We thus postulate only four main double 
shots. The planetoids are supposed to have arisen from small 
irregular projections stimulated on the far side of the sun by 
the passing star before it reached the specially eruptive equatorial 
belts.” Chamberlin believed that there should have been 
counterpart eruptions of this irregular type from the side of the 
sun toward the star, and these he thought might possibly be rep- 
resented by undiscovered bodies beyond Neptune. In fact, he 
introduced a diagram^® which includes several lines of projec- 
tion (with a question mark) for planetoids beyond the orbit of 
Neptune. As is well known, the planetoid Pluto, revolving far 
outside the orbit of Neptune, was discovered two years after his 
death. 

The later pages of “The Two Solar Families” are filled with 
such a wealth of new contributions that nothing more than mere 
citations of a few lines of advance can be attempted here. A 
very careful analysis of the presumptive activities of the plan- 
etesimals brought out more concretely and completely than ever 
done before their probable behavior and showed how very natu- 
rally they may have occasioned the peculiarities observed in the 
different members of the solar system. Particularly suggestive 
is the chapter on the growth-creep of the axes of the planets in 
^The Two Solar Families (1928), Fig. 28, p. 156. 
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which it is shown that the impact of the planetesimals would shift 
the axis of rotation of a growing planet from the plane of pro- 
jection of the solar outburst progressively toward a position at 
right angles to the plane of the solar system. The hitherto 
baffling inclination of the earth's axis, responsible so happily 
for our yearly seasons, thus apparently finds a very simple and 
plausible explanation. The searching analysis developed also 
possible explanations of the outstanding peculiarities of Mer- 
cury and Venus, the reason why the moon constantly presents 
the same face to the earth, and the reason for the opposing land 
and water hemispheres of the earth. 

Although the cometary family is characterized by loose organ- 
ization, yet Chamberlin brought the chondrulites, comets, and 
meteorites together as related products of gaseous outbursts 
projected to the farthest reaches of the sun's sphere of control 
where inequalities in the attractions of the stars outside gave 
side-pulls sufficient to cause the assemblage of now solid par- 
ticles to miss the sun on the return journey and to swing around 
it in greatly elongated ellipses. Condensations of the gaseous 
masses on their outward journey produced the tiny chondrulites 
characterized by radical and concentric structures like the hail- 
stones in a storm cloud. The whole swarm of chondrulites con- 
stituted a comet; when the comet came back into the heated 
environs of the sun at perihelion occasional collisions between 
a few of the chondrulites resulted in welding a very small pro- 
portion of them together into chondrule aggregates, which are 
the meteorites. So inherently simple and natural is the whole 
picture that it has much to commend it though it is radically 
different from its author's earlier conception of the formation 
of comets and meteorites. 

“The Two Solar Families” came from the press on Chamber- 
lin’s eighty-fifth birthday, September 25, 1928, and the first 
copy to be finished was hurried to him for a modest celebration 
in the afternoon. He planned to rest for a month and then to 
take up again the manuscript for the second volume, “The 
Growth of the Earth,” on which considerable progress had 
already been made. But a month later he was ill. The splendid 
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mechanism which had worked so long and so well was worn out. 
He was taken to the University hospital, but nothing in the 
power of his medical colleagues could restore his weakening 
heart, and he slipped away peacefully on a still further journey 
into the unknown, November the fifteenth. 

THE MAN HIMSELF 

On the human side, Thomas Chrowder Chamberlin stood out 
nearly as distinctively as his works did in the field of science. 
Six feet one-and-a-half inches in height, of large, athletic build, 
he was a rugged and vigorous figure throughout most of his life. 
On the farm he had had a neighborhood reputation for pitching 
hay and for other occupations combining strength and skill ; in 
college he excelled in sports, particularly football of the kind 
then being played. As a young geologist and administrator, his 
obvious physical strength and mental capacity, his open, friendly, 
sympathetic nature, and his marked abhorrence of all that was 
false and mean, led to his appointment to positions of greater 
and greater responsibility. As the years went by, his character- 
istic seriousness of mien, softened by a naturally kindly and 
serene facial expression came to give him an appearance of ex- 
ceptional dignity. Later his dignity was enhanced by white hair 
and furrows of thought which gradually roughened his brow. 

Most characteristic of the workings of Chamberlin's mind 
were his independence of thought and his intellectual integrity. 
In the bitter partisanship of the Civil War, he put in a good 
word, now and then, for the South. At the University of Wis- 
consin, whose previous presidents had been clergymen, he an- 
swered the sneering question: “Who will now preach the bac- 
calaureate sermon ?" by giving his own baccalaureate addresses, 
and so eifectively as to create a profound impression by his 
originality of thought and his inspiring delivery. When satis- 
fied that his policies were along the right lines, he was fearless 
in putting them into effect, though safely guided by a shrewd 
sense of what could be accomplished satisfactorily and what 
was inadvisable to attempt. 
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Intellectual honesty he placed highest, as was apparent in most 
of what he did. In all probability his consistent success in secur- 
ing appropriations from the Wisconsin legislatures was due, in 
no small degree, to the confidence which he invariably inspired 
and to the transparent reasonableness of what he sought. Politi- 
cal sense he had, but he made little use of political ties and gave 
still less thought to personal popularity. In fact, as university 
president, he could scarcely be called popular in the ordinary 
meaning of the word, for he subordinated the personal and social 
aspects of his position to the carrying out of his ideas and the 
maintenance of his ideals in the administration and development 
of the University. 

At the University of Chicago he was back again in the scien- 
tific work and environment most congenial to him. He brought 
together for the Department of Geology the strongest group 
which he could procure: Rollin D. Salisbury, in geographic 
geology ; Joseph P. Iddings, in petrology ; Richard A. F. Penrose, 
Jr., in economic geology; Charles R. Van Hise, as part-time pro- 
fessor of pre-Cambrian geology; Stuart Weller, in invertebrate 
paleontology; and, later, Samuel W. Williston, in vertebrate 
paleontology. In addition there were others on special appoint- 
ments of shorter duration. This was indeed a remarkable as- 
semblage of men who represented not only the best in their 
respective fields, but who were conspicuous also for exceptional 
personal qualities. Whenever the department came together in 
public it attracted attention ; people commented on such a group 
of uniformly tall, handsome, dignified men. They reflected in 
a way the ideals of their leader, who was as thoughtful of su- 
perior manhood as of superior scientific ability and attainments. 
Likewise the associate editors of the Journal of Geology^ selected 
from leading institutions in this country and abroad, were an 
imposing array of outstanding geologists. In the midst of such 
inspiring colleagues and associates, Chamberlin was in a position 
to do the best work of which he was capable. 

During the first decade of the growth of the new University, 
Chamberlin taught some elementary courses as well as special 
graduate courses in glacial geology and the more advanced 
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phases of general geology. His commanding personality, mas- 
tery of precise diction, and versatile fertility of mind, gave high 
cultural value to his undergraduate instruction. Though his 
contacts with the undergraduates were somewhat limited, when- 
ever he did come in touch with them, they felt strongly his 
wholesome and stimulating influence. 

But it was the graduate students who profited most from his 
lectures and the contact with him. For many years he gave a 
series of courses under the elastic title of 'Trinciples and 
Theories of Geology.^' These ran through the whole gamut 
from cosmogony to the geology of the present and its implica- 
tions for the future, and in the aggregate covered his entire 
geologic philosophy. Each year, completely ignoring the out- 
line of the previous year, he presented his material afresh in 
accordance with his latest views and the newest developments. 
Thus it became quite customary for students to repeat the 
courses, for not only was a new slant commonly given to old 
problems, but many new problems were constantly coming to 
the fore. Cosmic geology, at the outset, and Pleistocene glacial 
geology, at the close, were naturally favorite fields for particu- 
larly thorough treatment; but outside of the more technical 
phases of paleontology and petrology, the whole geologic prov- 
ince came under his general survey. He elaborated the plan- 
etesimal hypothesis and traced with great care its bearing upon 
continental evolution, diastrophism, vulcanism, climatology, and 
the resulting biologic responses. All in all there arose a compre- 
hensive geologic philosophy. But the prime object of these 
courses was not so much to present a consistent geologic philos- 
ophy as to develop the critical powers of the students in attack- 
ing new problems and thus to prepare them for their own re- 
searches. The chief emphasis was placed on sound, judicial 
thinking. 

Setting an example was ever a vital part of Chamberlin's ad- 
vanced teaching. He unfolded the steps of progress in many 
past researches and discussed critically his own and other current 
studies to bring out the objectives, difficulties in the way, and 
the means of overcoming them. Various students were utilized 
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as helpers in the details of the larger studies, and thus they ob- 
tained first-hand acquaintance with his methods. In fact, the 
extraordinarily thorough drill in precise geologic thinking by 
Salisbury coupled with the inspiration for research from Cham- 
berlin was in considerable measure responsible for the conspicu- 
ous success afterwards achieved by the impressive list of young 
geologists trained at Chicago when these two teachers were in 
their prime. 

The quarter century 1892-1918 while Chamberlin was head 
of the Department of Geology at Chicago included his most 
productive years. In spite of multitudinous demands on his 
time, he was then engrossed primarily in his researches. Here 
lay his greatest interest ; he took no vacations ; research was play 
and any spare time was an opportunity not to be lost. But rarely 
did he drive himself ; when in the mood he worked enthusiasti- 
cally and effectively ; when not in the mood for a particular prob- 
lem, he read or attempted something else. While engaged on one 
of his books he once wrote fifty pages in one day, loafed the next, 
browsing in the library, and then wrote sixty-six pages on the 
following day. Though his large script filled pages quickly, 
the actual output of material was surprising in amount. 

He wrote spontaneously and rapidly when handling new ma- 
terial, but such writings, fluent though they were, never reached 
the printer. They were rewritten and revised over and over 
again. It was amazing how much interlineation could be put on 
a page of seemingly satisfactory manuscript. Since his hand- 
writing was peculiar and none too legible, the stenographer must 
have groaned under the constant slaughter of her copy But 
he invariably kept at it until the final product satisfied his 
critical taste. 

Somewhat similar was his habit of solving problems. With 
great fertility of imagination, he dreamed rapidly ahead along 
the various alternative lines of solution following the possible 
ramifications whithersoever they might lead. Later he cast aside 
the unpromising leads. Rejecting on the one hand what he 
termed the ‘'method of colorless observation'' as sterile, and on 
the other hand avoiding the “method of the ruling theory" as 
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dangerous and likely to block the road to further advances, he 
believed that the true scientific method was to encompass the 
problem in all its aspects and to treat impartially the various 
factors and alternative possibilities. This he called the ^'method 
of multiple working hypotheses."' 

''Conscientiously followed, the method of the working hy- 
pothesis is an incalculable advance upon the method of the ruling 
theory, but it has some serious defects. One of these takes con- 
crete form, as just noted, in the ease with which the hypothesis 
becomes a controlling idea. To avoid this grave danger, the 
method of multiple working hypotheses is urged. It differs 
from the simple working hypothesis in that it distributes the 
effort and divides the affections. It is thus in some measure 
protected against the radical defect of the two other methods. 
In developing the multiple hypotheses, the effort is to bring up 
into view every rational explanation of the phenomenon in hand 
and to develop every tenable hypothesis relative to its nature, 
cause, or origin, and to give to all of these as impartially as pos- 
sible a working form and a due place in the investigation. The 
investigator thus becomes the parent of a family of hypotheses; 
and by his parental relations to all is morally forbidden to 
fasten his affections unduly upon any one. In the very nature 
of the case, the chief danger that springs from affection is 
counteracted Where some of the hypotheses have been already 
proposed and used, while others are the investigators’ own crea- 
tion, a natural difficulty arises ; but the right use of the method 
requires the impartial adoption of all alike into the working fam- 
ily. The investigator thus at the outset puts himself in cordial 
sympathy andfin parental relations (of adoption, if not of author- 
ship) with every hypothesis that is at all applicable to the case 
under investigation. Having thus neutralized, so far as may 
be, the partialities of his emotional nature, he proceeds with a 
certain natural and enforced erectness of mental attitude to the 
inquiry, knowing well that some of his intellectual children (by 
birth or adoption) must needs perish before maturity, but yet 
with the hope that several of them may survive the ordeal of 
crucial research, since it often proves in the end that several 
agencies were conjoined in the production of the phenomena. 
Honors must often be divided between hypotheses One of the 
superiorities of the multiple h3rpotheses as a working mode lies 
just here. In following a single hypothesis, the mind is biased 

^Jour of Geol., VoL V (1897), pp. 843-45. 
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by the presumptions of its method toward a single explanatory 
conception. But an adequate explanation often involves the 
co-ordination of several causes. This is especially true when 
the research deals with a class of complicated phenomena natu- 
rally associated but not necessarily of the same origin and nature, 
as, for example, the Basement complex or the Pleistocene drift. 
Several agencies may participate not only but their proportions 
and importance may vary from instance to instance in the same 
field [sic] . The true explanation is therefore necessarily complex, 
and the elements of the complex are constantly varying. Such 
distributive explanations of phenomena are especially contem- 
plated and encouraged by the method of multiple hypotheses and 
constitute one of its chief merits. For many reasons we are 
prone to refer phenomena to a single cause. It naturally fol- 
lows that when we find an effective agency present, we are pre- 
disposed to be satisfied therewith. We are thus easily led to 
stop short of full results, sometimes short of the chief factors. 
The factor we find may not even be the dominant one, much less 
the full complement of agencies engaged in the accomplishment 
of the total phenomena under inquiry The mooted question of 
the origin of the Great Lake basins may serve as an illustration 
Several hypotheses have been urged by as many different stu- 
dents of the problem as the cause of these great excavations. 
All of these have been pressed with great force and with an 
admirable array of facts. Up to a certain point we are compelled 
to go with each advocate. It is practically demonstrable that 
these basins were river valleys antecedent to the glacial incur- 
sion It is equally demonstrable that there was a blocking-up 
of outlets. We must conclude then that the present basins owe 
their origin in part to the^ pre-existence of river valleys and to 
the blocking-up of their outlets by drift. That there is a tempta- 
tion to rest here, the history of the question shows. But on the 
other hand, it is demonstrable that these basins were occupied by 
great lobes of ice and were important channels of glacial move- 
ment. The leeward drift shows much material derived from 
their bottoms. We cannot therefore refuse assent to the doc- 
trine that the basins owe something to glacial excavation. Still 
again it has been urged that the earth's crust beneath these basins 
was flexed downward by the weight of the ice load and contracted 
by its low temperature and that the basins owe something to 
crustal deformation. This third cause tallies with certain fea- 
tures not readily explained by the others. And still it is doubt- 
ful whether all these combined constitute an adequate explana- 
tion of the phenomena. Certain it is, at least, that the measure 
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of participation of each must be determined before a satisfac- 
tory elucidation can be reached. The full solution therefore 
involves not only the recognition of multiple participation but 
an estimate of the measure and mode of each participation. For 
this the simultaneous use of a full staff of working hypotheses 
is demanded. The method of the single working hypothesis or 
the predominant working hypothesis is incompetent.^' 

These were the basic principles of his scientific life and char- 
acterized his serious thought in other fields as well as science. 
They were already strongly in evidence in his youthful work on 
the lead and zinc problem in Wisconsin and continued to dom- 
inate his most mature cosmogonic researches. “Probably at no 
time in his career as an investigator did Chamberlin more cour- 
ageously apply the method of multiple hypotheses than when, 
as a veteran of eighty odd years, he undertook to review and 
revise his work on the origin of the earth.” “No one else 
knows so well as I do that his every instinct and the habits of 
a lifetime kept him from ever making the planetesimal hypothe- 
sis a 'ruling theory/ To his last days he never ceased to regard 
it as a hypothesis to be put to the test in every possible way, rather 
than as an expression of final truth. . . . How seldom have 
these precepts been followed in science or philosophy! How 
different in many cases the results would have been had they 
been followed 1 What need there is for them also in social and 
political sciences, in theology, and in all the varied interests of 
the human mind !” 

The serenity of mind requisite for the long-sustained and 
successful journeys into the unknown was made possible by a 
happy home life which fortified him for his manifold tasks. 
What greater blessing can a man have than a sympathetic and 
understanding wife? What is more helpful than to find home 
ever a haven of rest from the cares and disappointments of the 
day’s struggles? The difficulties melt away in the peaceful quiet 
of the happy home and the morrow starts fresh and full of 

"^Bailey Willis, Dynamics is the Soul of the Problem. Jour, of Geol, 
Vol. XXXVII (1929), p. 362. 

R Moulton, Thomas Chrowder Chamberlin as a Philosopher. 
Jour, of Geol, Vol. XXXVII (1929}, pp 372-73. 
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promise. In this all-important part of his life, Thomas Cham- 
berlin was particularly blessed. Mrs. Chamberlin was indeed 
his ideal counterpart. She was home-loving, quiet and some- 
what retiring by nature, but practical and capable and strong in 
the optimistic faith brought over from the previous pioneer 
generation. Though naturally proud of the achievements of 
her husband, successes or failures were not allowed to alter the 
cheerful, even tone of the family fireside. For well over half 
a century their life together was singularly harmonious and 
happy. When, at length in the summer of 1923, she was the 
first to answer the final call, it seemed as if he too, so dependent 
on her in many ways, might not long survive the parting. But 
her spirit continued with him in effect and he carried on for 
five years more. 

It was always a source of satisfaction to the father that his 
son, the writer of this memorial, chose to follow in the same line 
of work. They had many thmgs in common and their com- 
panionship was most congenial. From early childhood the father 
talked to the son as to a grown person and so spontaneously 
there developed a complete understanding between them. In 
later years of more philosophical trend, he outlined elaborately 
his inmost thoughts in many of the different realms into which 
the human mind penetrates. Screen after screen seemed to be 
lifted before long vistas into the hidden beyond. The inspira- 
tion was tremendous, and the poetic beauty of the vistas beyond 
description. But only the magic lamp of a master can illumine 
such portals; when the light is removed, one is left groping, 
though groping with a little more confidence for the visions 
which have been revealed. 

At the close of the academic year in 1918, when approaching 
his seventy-fifth birthday, Chamberlin retired from the Uni- 
versity. He continued, however, as senior editor of the Journal 
of Geology, but gradually lessened the load of outside demands 
on his strength. His time he now considered his own, to be util- 
ized to the best advantage. Researches, as ambitious as any of 
former years, continued to fill his mind and to keep him con- 
scious of how much he still had to do in the next few years. 
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He was working more slowly now. Cataracts had been dim- 
ming his vision gradually for a decade and all reading now had 
to be done through a large hand glass, but he toiled on without 
complaint. An operation to remove the opaque crystalline lenses 
had seemed the ultimate solution of the difficulty, but conditions 
did not reach the point where an operation was advisable and it 
was never attempted. Fortunately the eyes served for ten years 
more. His general health, which already had occasioned some 
alarm, now unproved perceptibly. Needing more time for his 
work so badly, in his characteristic way he turned his power of 
analysis and experimentation upon his stomach problem and 
eventually developed a regimen of treatment and control which 
accomplished the desired results and carried him along. 

Ten years for the continuation and rounding up of his re- 
searches were eventually allowed him, and approximately one- 
fifth of all his published papers appeared in this decade. A 
perusal of the bibliography will show their diverse scope and 
the breadth of interest which he still retained. All were mature 
productions, as might be expected, but some were as highly 
original as the inventions of youth. Even the final year brought 
little loss of mental vigor. Significant and fitting it was that 
his last publication, ''The Two Solar Families,’' which came 
from the press on his eighty-fifth birthday, should be one of the 
finest of all his productions. A few days more and his busy life 
was over. Like the evening star in the mountains which shines, 
full of glory, undiminished till the end, his work continued to 
this brilliant close. A companion volume was in prospect, but 
the light was cut off too soon. 

This continued devotion to duty was an expression of his be- 
lief in the value of his researches. Partly as the result of a 
successful life and partly because of his habitual thoroughness 
in following the method of multiple working hypotheses, he 
came to have great confidence in his judgment. If, at times, he 
seemed impatient of some other views which were different 
from his own, it was only because he felt that their sponsors had 
not considered the ramifications of the problems so carefully or 
so thoroughly as he had, and hence were less qualified to express 
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judgment. Filled with enthusiasm by his message he wished 
to deliver it in full. 

He was deeply religious in the truest sense, and the call of 
duty came likewise from his belief in the honesty of the Cosmos, 
as he expressed it, and from his prophetic outlook on life and 
its proper place in the Universe. The long geologic retrospect 
gave a basis for peering into the future. For hundreds of mil- 
lions of years balanced processes have kept our globe a fit abode 
for life. A regulated system with orderly development has 
prevailed. Life has progressed to higher and higher levels. 
What has characterized the past is likely to characterize the 
future and the end seemed to him far distant. The heights to 
which the human race may attain, if it but utilizes its intelligence 
and knowledge to the best advantage, are likely to be far beyond 
our liveliest imagination. He sometimes remarked that if there 
were only a few thousand years ahead, much of the satisfaction 
which he took in his work would be lacking. But as the pre- 
sumption IS in favor of ages to come as long as those of the past, 
he believed that whatever good one truly accomplishes, if the 
results are to carry on as constructive factors in an advance 
for millions of years, may in the aggregate prove to be of inesti- 
mable value. This was his optimistic dream; he laid his few 
bricks and mortar with genuine satisfaction, and confidently 
looked to others to build higher and better in the long time to 
come. Now his own little bit is done; may the future substan- 
tiate his inspiring prophecy. 
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